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HADRON SPECTRA FROM LEAD COLLISIONS AT 160 GeV PER NUCLEON

R. Stock
Fachbereich Physik, Universitat Frankfurt, D-60486 Frankfurt, Germany

In Nov. and Dec. 1994 the CERN Super Proton Synchrotron (SPS) accelerated Lead (^Pb)
projectiles to a total energy of ca. 33 TeV, corresponding to 160 GeV per projectile nucleoa Seven
major experiments took first data, the analysis of which is under way. The experiments are
complementary to each other, covering physics observables that are relevant in the study of hadronic
matter at extreme energy density. In particular, they search for a new phase of strongly interacting
matter, predicted to exist by Lattice QCD theory at energy densities exceeding about 1.5-2.0 GeV per
fin3, in which the confinement of quarks and gluons into individual hadron bubbles disappears. This
should give rise to a continuous QCD state, asymptotically resembling a plasma of deconfined quarks
and gluons, in analogy to the QED plasma state of electrons and nuclei making up the interior sections
of stars and white dwarfs.

First results from the Pb run indicate that conditions favourable towards creation of the new QCD
phase are reached in central Pb+Pb collisions at this energy. Measurement of the total created
transverse energy in the calorimeters of experiments NA49 and WA98 indicated that a total internal
energy of about 2 TeV resides in the primordial reaction volume, leading to an estimate of the initial
energy-density (before expansion) of the "fireball" amounting to about 2 GeV per fin3. The transversal
size of the fireball is estimated by two-pion Bose correlation analysis in the experiments NA44 and
NA49 to amount to 6-7 fin. Thus a large volume of high energy density is created in central Pb+Pb
collisions, of dimensions one order of magnitude above the typical confinement dimension, of about 1
fin.

Furthermore, NA49 observes about 2800 hadrons to be created per central Pb+Pb collision by means
of tracking all charged reaction products in a large volume Tune Projection Chamber (TPC) array.
Those hadrons carry the total internal fireball energy, of about 2 TeV. A new avenue of analysis opens
up due to such high hadron (mostly pion) multiplicities per event Each event constitutes an ensemble of
microscopic degrees of freedom, sufficient to define statistical features such as event temperature, kaon
to pion, pion to proton, antiproton to proton ratios etc., that may lead to a thermodynamic description of
individual events. Thus, if the transition to the new QCD phase occurs only rarely the relevant
"candidate events" may be picked out by event by event analysis, selecting events of maximal strange-
ness, content, maximal entropy, maximal rapidity density fluctuations, etc.. This new method will be
described in view of the new data coming from the SPS Pb beam facility.
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THE CHANGES IN PROPERTIES OF HADRONS
IN NUCLEI AND NUCLEAR MATTER

Mannque Rho

Service de Physique Theorique, CEA Saclay

91191 Gif-sur-Yvette Cedex, France

Combining chiral symmetry and conformal anomaly of QCD and using the con-
cept of "mended symmetry," it is possible to discuss how hadron properties
change in dense and/or hot medium in terms of the basic parameters appear-
ing in effective Lagrangians for nuclei and nuclear matter. Phase transitions of
hadronic matter under extreme conditions anticipated in relativistic heavy-ion
collisions and dense compact-star matter are amenable to a systematic treat-
ment, approaching from the hadronic phase. In particular the behavior of the
negatively charged kaon, K~, in dense "nuclear-star" matter can be described
in the same approach with a fascinating implication, on what could remain in
the collapse of massive stars, "nuclear stars" or light-mass black holes suggested
by Brown and Bethe.
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MESON PRODUCTION FROM NUCLEAR COLLISIONS AND COMPRESSED
HADRONIC MATTER.

Eckart Grosse
GSI, Postfach 11 05 02, D-64220 Darmstadt, Germany

The observation of mesons allows a very sensitive test of the properties of the
matter in the overlap zone of two colliding nuclei, which - at energies of 1 to 2
GeV/nucleon - is compressed to several times normal nuclear density. Pions and
eta-mesons are- mainly originating from the decay of baryonic resonances; because
of their large formation and absorption cross sections they give evidence for the
thermal properties of the collision zone. Positive kaons on the other hand have a
large mean free path and can leave the high density phase without beeing reab-
sorbed.

Experiments performed at the heavy-ion synchrotron SIS at Darmstadt show an
enhanced kaon production for very heavy collision systems as compared to data
taken with light ions. Such an enhancement can be due to multi-step processes in-
volving intermediate delta-resonances. Theoretical arguments based on the expec-
tation for a restoration of chiral symmetry at high baryon density favour a reduction
of the kaon production threshold within the dense medium; this would result in an
enlarged production yield at near-threshold energies.

The mass' and energy dependence of meson production are investigated in sys-
tematic studies with different heavy Ion beams from the SIS and by comparison to
data taken at other accelerators (Bevalac, GANIL). A comparison of the data to
transport model calculations enables estimates on the importance of different me*
dium effects. A new series of pion and kaon production studies with proton beams
of SATURNE impinging on light and heavy target nuclei is crucial for the interpretation
of the heavy ion data.
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NUCLEAR STRUCTURE STUDIES WITH LARGE GAMMA-RAY
DETECTOR ARRAYS

I.Y.Lee
Lawrence Berkeley Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA

Several large gamma-ray detector arrays are in operation now. For example, Gammasphere
has been in use in an "early implementation" phase since April 93 with up to 36 BGO shielded
Ge detectors and since March 95 with 55 detectors in the final configuration. More detectors
are being added and by October 95, it will reach the designed number of 110 detectors. About
60 experiments, using both the beams from the LBL 88" cyclotron and radioactive sources,
have been carried out. This "early implementation" array which provides a factor of >10 im-
provement in resolving power over previous arrays such as HERA has enabled us to study
roughly 10 times weaker gamma ray cascades by using up to five-fold coincidence data.

So far, the majority of the experiments study superdeformed (SD) states and many new SD
bands have been observed, revealing new phenomena that will be discussed. Evidence for a
AI=2 staggering in energy levels in Hg, '*4Pb and tentatively in 1S3Dy has been observed and
interpreted as possibly due to a new C» symmetry (a four-fold rotational symmetry). Also,
extensive statistical significance analysis of the identical SD bands, as well as studies of the
effect of pairing correlations on the moment of inertia of the SD bands, will be presented. New
information on the properties of SD nuclei, such as the decay from SD states to normally
deformed states and lifetime of SD bands will be discussed.

Several auxiliary detectors have been used in conjunction with Gammasphere and have in-
creased considerably the power of the array. One of them is an annular Si-strip detector used
in experiments studying neutron-rich nuclei produced in deep inelastic reactions. In this new
technique, states with spin 20 in nuclei with up to four neutrons richer than the most neutron
rich stable nuclei have been observed. This is a step toward the future nuclear structure studies
near the neutron drip line and the present status will be discussed. Another auxiliary detector
is the Microball, a 4n solid angle Csl detector array for light charged particles, which is used
for reaction channel selection. It was essential for the discovery of a new region of superde-
formation (around mass 80) and for providing the first clear evidence of hyperdeformation.
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Universal Correlations of Nuclear Observables
and New Signatures of Structure in Exotic Nuclei

R. F. Casten1 and N. V. Zamfir1-2-3

1. Brookhaven National Laboratory, Upton, NY, 11973, USA

2. Clark University, Worcester, MA, 01610, USA
3. Institute of Atomic Physics, Bucharest Magurele, Romania

Recently, several nearly universal correlations of nuclear
observables, spanning all nuclei from singly magic to rotor, have been
discovered. The extraordinarily simple global behavior thus revealed
by these correlations discloses new signatures of structure that require a
knowledge only of the energies E(2t) and E(4j) of the first two excited
states in even-even nuclei and the B(E2:01->21) value. Since these are
the simplest-to-obtain data in new nuclei in unexplored regions, they
should be especially valuable in radioactive beam studies of nuclei far
from stability where the data will necessarily be sparse compared to that
with which we are accustomed. Several examples, giving information
concerning seniority, vibrational and rotational collectivity, axial
asymmetry, hexadecapole deformations, and pairing strengths will be
discussed.

Research has been performed under contracts Nos. DE-AC02-
76CH00016 and DE-FG02-88ER40417 with the United States Department
of Energy.
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SUPERNOVA EXPLOSIONS, BLACK HOLES AND NUCLEON STARS

Gerald E. Brown

Department of Physics, State University of New York at Stony Brook
Stony Brook, NY 11794, USA

The entering of kaon condensation at a density of 2-4 PQ, where PQ is
nuclear matter density, essentially softens the supranuclear equation of
state in compact objects. The result is a maximum mass for neutron stars of

Arguments are given that the compact object in Supernova 1987A went into a
black hole, following the explosion and the return of matter to the uni-
verse. This was probably also true for Cas A, a supernova explosion in the
17th century.

The explosion, with later drop into a black hole, is possible when
hyperons are present or with kaon condensation. At finite temperature, the
EOS with hyperons, chiefly E~'s, goes smoothly into kaon condensation with
increasing density. •

At densities above the critical one for kaon condensation, the matter is
composed of nearly equal numbers of neutrons, protons and K~ mesons; there-
fore we term the compact object a micleon, rather than neutron, star.

In strong interaction physics, such as relativistic heavy ion collisions,
there is Insufficient time fox strangeness breaking, so only the attractive
scalar field involved in the movement towards strangeness condensation enters.
Although this is only part of the attraction which enters in the EOS of
compact objects discussed above, it nonetheless has an important effect on
the heavy ion collisions, such as the subthreshold K* production at GSI.
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FROM T H E NUCLEAR MICROCOSM TO
T H E ASTROPHYSICS MACROCOSM

M. Arnould
Institut d'Astronomie et d'Astrophysique

Universite Libre de Bruxelles, CP 226, B-1050 Bruxelles, Belgium

The last decades have put to the forefront the especially fruitful interplay between
nuclear physics and astronomy. That successful interdisciplinary quest is embodied into
the field of Nuclear Astrophysics, which is now recognized as a major keystone in modern
astrophysics. In fact, nuclear astrophysics deals with two classes of problems: (1) the
energy production in various astrophysical objects, ranging from the "quiet" stars (like
the Sun) to the spectacular events of explosive nature (like the novae, supernovae, or
X-ray bursters); (2) the production of the nuclidic species observed in the universe
(and in particular in the solar system), such a "nucleosynthesis" having started at the
cosmological level at the birth of the universe (Big Bang), and continuing today in the
stars.

The nuclear physics studies that are required in order to tackle those problems are of
both experimental and theoretical nature, and concern a large variety of questions that
can be classified into two broad categories. The first one concerns the determination
of nuclear reaction cross sections at the energies of astrophysical interest. The second
one has to do with the knowledge of other nuclear quantities, like masses or /?-decay
half-lives of exotic nuclei.

Over the last few years, an impressive experimental and theoretical effort has led to
a substantial improvement in our knowledge of many of those nuclear physics data of
astrophysical interest. In spite of that, much obviously remains to be done, x- particular
for a reliable modeling of the processes involving very neutron-rich and netcton-deficient
nuclei. This clearly pushes the physicists towards new frontiers where the development
of dedicated experimental techniques, and in particular of radioactive nuclear beam
facilities, has certainly to play a pivotal and exciting role.

After the presentation of a brief synopsis of the theoretical and experimental proce-
dures that are commonly used in nuclear astrophysics, some astrophysically important
nuclear reactions which have been the subject of recent experimental or theoretical ef-
fort, or which would be worth investigating in some detail, will be briefly reviewed. The
nuclear physics problems that are raised by the synthesis of the nuclides heavier than
iron will also be discussed.
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NEUTRINOS AND DARK-MATTERS STUDIED BY
NUCLEAR WEAK INTERACTION

H. Ejiri
(Research Center For Nuclear Physics, Osaka. University. Ibaraki, 567, Japan)

The present paper gives a brief report on neutrinos and dark matters, which are studied
through nuclear double beta decays(/?/?) and nuclear scattering, respectively.

Double Beta Decays. Two neutrino /?/3 ami neutrinoless /?/? are written as

T2v = G2" | M2" |2, T°" = G°" | M°" | a (< mv > + < RKC >)2 ,

where G3v and G°" are phase space factors, M2v and Af°" are nuclear matrix elements. 2t//?/9
in within the stand theory of SUi(2) x V(l), while Qvfij} requires the finite Majorana neutrino
mass (mv), the right-handed weak currents (< RHC > ~ < V + A >), exotic particles such as
Majorons, heavy right neutrinos, super- symmetry particles, and so on.

The 2vpfi provides one with ;\n experimental check of the rare decay measurement and with
the nnclear matrix element Af2", which is crucial for evaluating MOv for Oi/f}0.

The detectors used are ELEGANT III - VI. (ELEctron GAmma-ray Neutrino Telescope),
which are set at the Kamioka underground lab.

Recently, we got, for the first time, the 2i>/?0 halflives of 1.2 • 1019y and 2.6 • 1019j/ for 100Mo
and n8Cd respectively 1,2): The matrix elements of 0.09 and 0.07 are one tenth of shell model
values. It is found 2).

where M(P~) and M(/9+) are fi~ and /J+ matrix elements from initial and final states to the
single particle I 4 state in the intermediate state.

The Qv0P measurement on mMo gives a halflife Jimit of 7\/2 > 5.4 1022y with 68% confidence,
corresponding to mv < 2eV. So far, stringent limits on Qufjfi have been deduced for T6Ge from
the enriched 76Ge detectors by other groups.

DM Search By Nuclear Scattering. The elastic and inelastic scatterings from odd-A nuclei
of F,Na,I, etc. in EL. V & VI were studied for axial-coupled DM by investigating the recoil
energy and/or the 7-ray from the inelasticaly excited nuclei 3). Stringent limits for spin-coupled
DM in 0.1 ~ 1 TeV were deduced.

Nuclear responses for ftp neutrinos. The nuclear spin-isospin weak responses ( JW 2 "^ 0 ")
for the /?/? neutrinos can be investigated by studying spin- isospin strong responses in charge
exchange (isospin-flip) spin excitations of (3He,t) reactions 4). They, were studied at the Osaka
RCNP (Research Center for Nuclear Physics). The 0.45 GeV 3He provided from the RCNP
cyclotron, combined with the high resolution spectrometer is best suited for these studies.

References
1) H. Ejiri, et.al. Nud. Phys. A522(1991)305c; Phys. Lett. 258B(1991)17.
2) H. Ejiri, Nucl. Phys. 577(1994)399c, 405c, Letter J. Phys. Soc. Japan(1995).
3) H. Ejiri, et.al. Phys. Lett. B317(1993)14, Phys. Rev. C47(1993)R425.
4) M. Fujiwara, et al., Nucl.Phys. 577(1994)43c.
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Precision Experiments in Nuclear Beta-Decay:
a Look for Physics beyond the Standard Model.

T. Otto1* , J. Camps2, P. DeMooi2, J. Deutsch1, J. Govaerts1, O. Naviliat-Cuncic?, R. Prieels1,
P.A. Quin*, P. Schutirmans2, N. Severijns1, J. Steyaert1, E. Thomas1, A. van Geert?, Y. Vanhellemoni?,
P. van Hove1, L. Vanneste2 and V. Wiaux1

1 Institut de Physique Nucleaire, Universite Catholique de Lou vain, Belgium
2 Instituut voor Kern- en Stralingsfysica, Katholieke Universiteit Leuven, Belgium
3 Institut fur Teilchenphysik, ETH Zurich, Switzerland
4 Department of Physics, University of Wisconsin, Madison, USA

The Standard Model (SM) of particle physics shows a high degTee of agreement with experimental
observations. Nevertheless it is deemed incomplete in the sense that several of its basic^ features
do not derive from first principles but have to be built in "by hand". Examples are the masses of
the elementary particles and the symmetry structures of the lagrangians, especially for the weak
interaction.
Nuclear /3-decay can give information complementary to collider experiments, by looking for subtle
influences of the underlying interactions on the decay obsei vables. By choosing sufficiently fast,
"allowed" decays, errors arising from nuclear effects can be kept so small that they do not limit the
precision that is necessary to find deviations from the SM on present day's levels.
Our research focusses on the extent of parity violation in /9-decay. In Manifest Left-Hight-Symmetric
(MLRS) models, symmetry is restoretTat high energies by introducing a heavy gauge boson Wj
which couples predominantly to right handed fermions [1]. It mixes with the boson W\ coupling
mainly to left-handed currents with the mixing angle f and the squared mass ratio 6 - (mi/mj)2

to give the weak eigenstates Wi, WR.
A quantity that is especially sensitive to admixtures of right-handed couplings in /3-decay is the
relative polarisation R = P~ / P+ of positrons emitted by oriented nuclei in opposite directions [2].
The MLRS-model predicts R = Ro{l - k(S + 02), where k is an enhancement factor and /Z<j the
SM-expectation value. Both k and RQ depend only on the measurable emission asymmetry and
the velocity of the positrons.
A first experiment of this type on 107In at the LISOL-mass-separator in Louvain-la-Neuve has been
conducted some time ago. In this experiment, positrons from 107In are focussed into a. homogeneous
magnetic field where they are stopped in a pellet of MgO to form Positronium (Ps). Time-resolved
spectroscopy of the Ps-hyperfine states allows to observe the positron's polarisation. This exper-
iment excluded a hypothetical WVboson with m2 < 250 GeV/c2 [3]. Recently, experiments have
been completed on 12N at the PSI in Villingen (Switzerland) and on l07In with a new source that
increased the statistics by nearly two orders of magnitude. These experiments have the potential
to confine the mass of W2 to m.2 > 400 GeV/c2. A further experiment on muon- decay is presently
under preparation.
Another point of interest is the admixture of terms to the /3-decay rate that are asymmetric under
time reversal. A T- and P-odd contribution to the rate has the form R • c"t • (J x p"e). Limits on R
can be obtained in an experiment that measures the transversal polarisation of positrons emitted
by oriented nuclei. Present limits on this term from 8Li are R = (4 ± 14) • 10~3 [4]. An experiment
on' 17F at the mass separator ISOLDE at CER.N (Geneva) and using time-resolved Ps-spectroscopy
for measuring the polarisation is considered.

[1] M.A.B Beg et al., Phys. Rev. Lett 38 (1977) 1252
[2] P.A. Quin and T. Girard, Phys. Lett. 229 (1989) 89
[3] N. Severijns et al., Phys Rev. Lett. TO (1993) 4047 and 73 (1994) 611e
[4] M. Allet et al., Phys. Rev. Lett. 68 (1992) 572

'Postdoctor&l Fellow of the EC's Human Capital and Mobility Programme
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SYNTHESIS AND STUDIES OF NUCLEI FAR FROM

STABILITY IN CHINA

Y. X. Luo

Institute of Modem Physics, Lanzhou 730000, China

This talk is a review of the progresses in the synthesis and studies of nuclei far from
stability made in the Institute of Modern Physics,Lanzhou, the China Institute of Atomic
Energy, Beijing and the Shanghai Institute of Nuclear Research.

In the farther extending of the A=4n+3, T,=-3/2 series towards the proton drip
line, a success has been achieved in the first observation of /^-delayed proton decay of
19Na, which has a negative proton binding energy of-321 KeV and has long been thought
to be proton unstable. Due to the stransition time needed for the protons penetrating the
Coulomb and centrifugal barrier in 19Na, /3-delayed pioton emission of 19Na was observed
and the half-life of /3 decay and proton energy were determined.

In the studies of transition of nuclear structure from the double magic nucleus 100Sn
to the strongly deformed 78Sr, new neutron-deficient nuclide ^Ru has been observed and
studied by means of decay/in beam 7 spectioscopy and X — 7 coincidence measurements.
MRu lies in the transitional region and is thus involved in the understanding of the inter-
esting transition of nuclear structure.

The decay schemes of 153Er and 157Yd have been established for the first time based
on X. — 7 and 7-7 coincidence measurements. A new three particle state was observed
in lwHo and an isomer and a rotational band in ls7Tm. The understanding of the shape
transitions for the corresponding isotopic chains has thus been completed which shows
that the shape transitions in the odd Z isotopic chains of Ho and Tm both take place
between N=86 and N=88.

Progresses have also been made in synthesis and studies of new n-rich nuclides in the
heavy mass region with A > 170, where a /9-delayed neutron precursor island and a delayed
fission island were predicted and their decay properties are in particular of astrophysical
relevance. M8Hg, 20JPt, 185Hf and M7Th have been produced via multinucleon transfer,
fast neutron induced (n,2pn) or (n,2p) reactions, respectively. The identifications and
measurements were carried out by means of thermochroinatographic technique and/or
chemical procedure followed by /3 and 7 spectroscopy. Half-lives are compared with model
predictions.

References
1) E. Roeckl, Rep. Prog. Phys. 55(1992)1661
2) S. H. Zhou et al., Chinese Jour, of Nucl. Phys. 13, 3(1991)193
3) Y. X. LBO, Proceed, of Inter. Conf. on Nucl. Phys. and Related Topics, Hanoi,
Vietnam, 1994 A



1-11

THE CONTINUOUS ELECTRON BEAM ACCELERATOR FACILITY
(CEBAF):

ITS PROGRESS AND EXPERIMENTAL PROGRAM

Dr. Hermann A. Grunder
(INPC "95, Continuous Electron Beam Accelerator Facility, 12000 Jefferson Avenue,

Newport News, VA 23606 USA)

The Continuous Electron Beam Accelerator Facility (CEBAF) is a basic research
facility operated by the Southeastern Universities Research Association (SURA) for the
United States Department of Energy. This laboratory has been constructed within budget
and on time, providing a state-of-the-art tool for its exciting experimental program.

Building on the worldwide knowledge of Superconducting Radiofrequency (SRF)
technology, particularly Stanford and Cornell, the CEBAF team decided on an approach
that used this technology to achieve continuous beam a decision that has proved
successful. As of this writing a 2.1 GeV beam, of a 4 GeV goal, through 3 recirculaticns
has been achieved and the CEBAF experimental program has begun. This progress has
been made possible by support from laboratories all over the world including Wuppertal,
CERN, DESY and KEK.

A worldwide user community with experiments ranging from form factor measurements
to parity violations have been proposed. In one type of experiment electrons scatter off
quarks inside an isolated proton or neutron to reveal the spatial distribution of quarks
inside these particles. In another type of experiment, electrons transfer energy to a
quark, thereby knocking the proton or neutron into one of their excited "atomic" levels. In
yet another type, parity violation will be used as a tool to measure the strange quark
charges and currents inside the proton. A number of other types of experiments will help
experimenters elucidate the quark and gluon structure of matter, to gain better
understanding of the structure of the nucleus at the quark level, and to discover new
phenomena associated with quarks and gluons, thereby improving our understanding of
the basic nature of the strong interactions.

This talk will bring the conference up-to-date on the rapid progress of both the machine
commissioning and CEBAF's experimental programs.
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A NEW GENERATION OF MEDICAL CYCLOTRONS FOR THE 90'S

Bruce Milton

TRIUMF 4004 Wesbrook Mall Vancouver B.C. Canada.

Cyclotrons continue to be efficient accelerators for use in radio-isotope production. In
recent years, developments in accelerator technology have greatly increased the practical beam
current in these machines while also improving the overall system reliability. These developments
combined with the development of new isotopes for medicine and industry, and a retiring of
older machines indicates a strong future for commercial cyclotrons. In this paper we will survey
recent developments in the areas of cyclotron technology as they relate to the new generation
of commercial cyclotrons. Existing and potential markets for these cyclotrons will >e presented.
We will also discuss the possibility of systems capable of extracted energies up to i00 MeV and
extracted beam currents of up to 2.0 mA.
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POSSIBILITY OF USING ACCELERATORS TO BURN NUCLEAR WASTES

J. P. Schapira, Institut de Physique Nucleaire, Orsay, France

It has been recognized, since the pioneer work of W.B. Lewis in 19521), that a synergy
between accelerators and fission reactors could enhance the capability of simultaneously
producing energy and fissile materials. This has led, in the 80s, to the concept of*an hybrid
system, coupling an high intense spallation neutron source with a subcritical fission reactor.
Such a system can also be used to "burn" long-lived nuclei which are produced inside fission
reactors, as aresult of neutron irradiation and radioactive decay.

Deep geological disposal is presently considered as the reference option to deal with those
nuclear wastes which contain significant amount of long-lived nuclei, such as actinides
(neptunium, plutonium, americium, curium in the case of the usual uranium-plutonium cycle),
and some long-lived fission products (e.g. s^Tc, 1291, i35Cs). The main category of those
wastes are the so-called high level wastes: spent fuels, as well as borosilicate glasses when
reprocessing takes place.

Transmutation (or burning) of these long-lived nuclei is contemplated as a complementary
option, to alleviate some uncertainties related to long-term effects of deep geological disposal on
man and his environment. Because of the large quantities involved, neutron irradiation appears
as the only practical method to burn these long-lived nuclei, essentially by fission (eventually
preceded by other neutron induced reactions). This is the most efficient process, in terms of
radiotoxicity reduction, energy production and neutron economy. If it can be used for actinide
burning in fission reactors, this is unfortunately not the case for fission products, whose
destruction via neutron capture, mainly in a thermal spectrum, requires large extra quantities of
neutrons. Because they show better performance, as far as neutron economy is concerned,
hybrid systems could be a belter option than classical fission reactors. The other advantage of
hybrid systems is its subcriticality, which, to some extent, allows one to relax the usual safety
and operational constraints of fission reactors related to the fuel inventory, in particularly to the
fissile content.

Various proposals of hybrid systems will be discussed: the first one, proposed by Los
Alamos2), uses high intense thermal neutron flux (in the range 1015-1016 nlseclcnfi) in a molten
salt thorium fuel, the others (Japanese OMEGA projects), Brookhaven PHOENIX project^) use
fast neutron spectrum with the liquid sodium technology. Recently, C. Rubbia proposed two
versions of a thorium solid fuel hybrid system, using epithermalor fast neutron spectrum5).

The nuclear physics aspects of these concepts are related to the high intense accelerator
technology (linac typically 1-2 GeV, 10-200 mA, and cyclotron below 10 mA), and on the
spallation target, design. In this last respect, a brief review of the nuclear data needsS), as well
as of the inlra- and inter-nuclear cascade codes will be presented.

References

1) W.B. Lewis, AECL-968report (1952).
2) C. D. Bowman et al., Nuclear Instruments and Methods, A320 (1992) 336-367.
3) Proceedings of the Information Exchange Meeting on Actinide and Fission Product

Separation and Transmutation, OCDE/NEA.MitoCity, Japan, November 6-8, 1990.
4) G. J. Van Tuyle et al., BNL-52279 report (1991).
5) F. Carminati el al.. Energy Amplifier for cleaner and inexhaustible nuclear energy

production driven by a particlebeam accelerator, CERN/ISC 93-37 report (1993).
6) A.J. Koning, Requirements for an Evaluated Nuclear Data File for Accelerator-Based

Transmutation, NEA/NSC/DOC(93), NEA/P&T report n°6.
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Condensed Matter Research with Thermal Neutrons

T. Springer
«

Forschungszentrum Julich GmbH
Institut ftlr Festkorperforschung, D-52425 Julich, Germany

Thermalized neutrons from research neutron sources are widely used to
investigate the structure and dynamics of atoms and molecules in condensed
matter. Several properties of neutrons are relevant for ihese applications: (i)
the fact that both neutron energy and wavelength are comparable to typical
energies and wavelengths of elementary excitations in condensed matter; (ii)
the possibility of labelling by isotope replacement; and (iii) the magnetic
interaction of the neutrons with magnetic materials.

The lecture presents research using these aspects, in particular: Neutron
spectroscopy to investigate elementary excitations, for instance phonons in
metals, or excitations of molecules in organic substances; the investigation
of relaxation processes in glassy materials and of the ionic diffusion by high
resolution spectroscopy; small angle diffraction of neutrons to investigate the
mesoscopic morphology of macromolecular substances, such as polymers.

The available methods of spectroscopy cover neutron energy transfers
between about 10-8 m^ o.4 eV. The .range of scattering vectors in structure
analysis and small angle scattering goes from 10 to 10*5 Arl. A brief outline
of the methodical aspects will be presented, and also of available neutron
sources. Thermal neutrons are mainly produced in Water-moderated research
reactors but, more recently, also by pulsed neutron sources where GeV-
protons hit a heavy metal target, surrounded by moderators, and neutrons are
produced by the spallau'on process. This modem technique may lead to
sources which, in many fields, could be superior to high flux reactors used
so far.
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HOT DENSE HADRONIC MATTER IN HEAVY ION COLLISIONS

C. M. Ko
Cyclotron Institute and Physics Department

Texas A&M University, College Station, Texas 77843, U.S. A.

The decrease of hadron masses in hot dense matter [1] due to the reduction of quark
condensate [2] as a result of the partial restoration of chiral symmetry is discussed. Incor-
porating these medium effects in the relativistic transport model [3], which treats consis-
tently the change of hadron masses and energies in dense matter via the scalar and vector
fields, heavy ion collisions at both SIS and AGS energies are studied. This model is seen
to provide satisfactory explanations for the observed enhancement of kaon [4], antikaon
[5], and antiproton [6] yields from SIS experiments. It can also account for the enhanced
K+/T+ ratio and the difference in the slope parameters of the K+ and K~ transverse
kinetic energy spectra from AGS experiments [7]. The possibilities of studying the kaon
potential in dense matter via the kaon flow [8] and of the direct observation of hadron
properties in dense matter through the dilepton invariant mass spectra [9] are discussed.
The modification of hadron properties in hot dense matter also gives rise to new signals
for the quark-gluon plasma expected to be formed in future RHIC and LHC experiments
[10]-
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1. M. Asakawa and C. M. Ko, Nucl. Phys. A560 (1993) 399; A572 (1994) 732.
2. G. Q. Li and C. M. Ko, Phys. Lett. B338 (1994) 118.
3. C. M. Ko, Q. Li, and R. Wang, Phys. Rev. Lett. 59 (1987) 1084; C. M. Ko and Q.

Li, Phys. Rev. C37 (1988) 2270; Q. Li, J. Q. Wu, and C. M. Ko; ibid. C39 (1989)
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4. X. S. Fang, C. M. Ko, G. Q. Li, and Y. M. Zheng, Phys. Rev. C49 (1994) R608:
Nucl. Phys. A575 (1994) 766.

5. G. Q. Li, C. M. Ko, and X. S. Fang, Phys. Lett. B329 (1994) 149.
6. G. Q. Li, C. M. Ko, X. S. Fang, and Y. M. Zheng, Phys. Rev. C49 (1994) 1139; C50
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7. X. S. Fang, C. M. Ko, G..E. Brown, and V. Koch, Phys. Rev. C47 (1993) 1678.
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PROBING THE NUCLEAR LIQUID-GAS PHASE TRANSITION

J. Pochodzalla (GSI Darmstadt) for the ALADIN/LAND-Collaboration

Stimulated by the van der Waals behavior of the nucleon - nucleon force the idea of a
liquid-gas phase transition in nuclear matter emerged. In the talk we report on a search
for a signal of a phase transition in projectile spectators which are produced in Au+Au
collisions at E/A=600 MeV. Time-of-flight, charge and tracking information for charged
fragments were provided by the TOF-wall and the TP-MUSlC detector of the ALADIN
spectrometer. Neutrons emitted from the projectile spectator were detected in the LAND
detector.

Following the suggestion of Campi et al. the excitation energy was determined from
the observed fragment and neutron distributions [1]. A temperature THeu was defined [2]
in terms of the yield ratios 3He/4He and 6Li/TLi

THtLi = i6 /M2. i8 (wy T L l - ) / (Wy4f fe ) ] . (i)

Excitation energy - temperature pairs of a caloric curve extracted for projectile specta-
tors of Au+Au collisions at E/A=600 MeV were complemented by data for target residues
produced at intermediate energies between E/A=30 and 84 MeV [6]. Because of the finite
width of the excitation energy distribution and the exponentially decreasing production
rate of 3He towards low excitation energies temperatures can not be determined for ex-
citation energies below approximately 2 MeV per nucleon. The only value for 1ncLi in
the evaporation regime below 2 MeV per nucleon excitation energy is provided by the
MNe+181Ta fusion reactions at E/A=8.1 MeV [7].

The caloric curve can be divided in three different, sections. The rise of THCU for
excitation energies below 2 MeV per nucleon is compatible with the low-temperature ap-
proximation of a fermionic system T = \Jk- {Eo)/{AO). Within the range of {E0)/(A0)
from 3 MeV to 10 MeV an almost constant value for THCU of about 4.5-5 MeV is ob-
served. This plateau may be related to the finding of rather constant so called emission
temperatures over a broad range of incident energies. Finally, beyond a total excitation
energy of 10 MeV per nucleon a steady rise of THCU with increasing (E0)/(A0) is seen
which may be described by a linear relation THtu = 2 /3 - ( (^ / (Ai ) -2MeV). The offset
in this relation probably signals a freeze out at a finite density.

The observed caloric curve agrees qualitatively with predictions of the Copenhagen
multifragmentation model and is reminiscent of the paradigm of a phase transition, the
first-order phase transition of bulk H2O - systems. Whether this observation can be rec-
onciled with a fecond-order phase transition - which is a prerequisite for the determination
ot critical exponents - will also be discussed.

[1] E. Zude, thesis, University Frankfurt (1995).
[2] S. Albergo et al., Nuovo Cimento A 89, 1 (1985).
[3] J. Konopka et al, Phys. Rev. C 50, 2085 (1994).
[4] R.J. Charity et al., Nucl. Phys. A483, 371 (1988).
[5] D.H.E. Gross, Prog. Part. Nucl. Phys. 30, 155 (1993).
[6] R. Trockel et a/., Phys, Rev. C 39, 729 (1989).
[7] C. Borcea et a/., Nucl. Phys. A415, 169 (1984).
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Analyses of some promising QGP signals

Chao Wei-Qin2

CCAST(World Lab.), P.O.Box 87S0, Beijing, 100080, China

Institute of High Energy Phytici, Academia Sinica
P.O.Box 918(4), Beijing 1000S9, China3

A brief introduction of the research works on relativistic heavy ion colli-
sions and QGP signal analysis in China is given.

Analyses by several groups on some promising QGP signals are reported!
These results include the analyses on the strangeness production and the
ratios of strange antibaryon to baryon; the effects of various noq-QGP mech-
anisms on 3/tp suppression in both h-A and A-A processes; the multiparticle
Bose-Einstein correlation of identical bosons and the dilepton production.

This report is based on results from several groups in China. The author
appreciates all the support from her Chinese colleagues and specially would
like to thank Profs. L. S, Liu, Y. M. Liu, B. H. Sa and X. J. Qiu for their
help in preparing this report.

1 Work Partly Supported.by the National Natural Science Foundation
'Visiting researcher in Institute of Theoret. Physics
5Mailing address
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HADRON PHYSICS WITH CW ELECTRON BEAMS

- NEW PERSPECTIVES -

P.K.A. de Witt Huberts

National Institute for Nuclear Physics and High-Energy Physics (NIKHEF)

P.O. Box 41882,1009 DB Amsterdam, The Netherlands

Continuous (CW) beams of electrons with energy of - 1 GeV and intensity of tens

of microAmps have become available over the past two years in Europe. With CW

beams a real to accidental ratio in coincidence experiments (like (e,e'nucleon)) is

achieved that is two orders of magnitude larger than thusfar available. Another

novel characteristic of the CW electron beam facilities is polarization, both of the

electron (longitudinal polarization P e = (60 - 70)%) and of the elementary hadronic

targets hydrogen, deuterium and Helium-3. The spin dependent structures

generated by the strong interaction (nucleons and mesons) can thus be investigated.

The field of polarization observables in electron-hadron scattering is almost virgin

territory*).

We discuss data and physics obtained at the electron scattering facilities of the

Dutch National Institute for Nuclear Physics and High-Energy Physics (NIKHEF)

with the Amsterdam pulse stretcher and storage ring (AmPS) at NIKHEF, in opera-

tion since summer 1993 2). Selected physics topics will be discussed: high-

momentum protons in nuclear matter, nucleon correlations and electroproduction

of neutral pions at threshold in relation with chiral perturbation theory.

NIKHEF now develops a facility of longitudinally polarized electrons that are

stored in the AmPS-ring and interact with targets of highly polarized gas (*H, 2H,
3He) stored in a storage cell. The first high accuracy data on the quadrupole

asymmetry T20 of the deuteron will be presented.

References

1) J.F.J. van den Brand, Nucl. Phys. A546 (1992) 299c

2) P.K.A. de Witt Huberts, Nucl. Phys. A553 (1993) 845c
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EXPERIMENTAL RESULTS FROM MAMI

Thomas Walcher
Institut fur Kernphysik, Fachbereich Physik, Universitat Mainz,

D-55099 Mainz, Gennany

The energy of the Mainz Microtron MAMI of 855 MeV defines a spatial resolution which is
just right to study the constituency of nuclei and gross properties of hadrons. The continuous
wave feature of microtrons allows the use of an electron current of up to lOOnA in coincidence
experiments and together with several large solid angle and high resolutbn detector setups an
unprecedented precision can be reached. The following selection of results demonstrating the
new opportunities will be presented.

Using a 3-spectrometer setup, consisting of two magnetic spectrometers with 28 msr and one
with 5.6 msr solid angle and a momentum resolution of 10~4 for all of them, high momentum
components up to 900 MeV/c in deuterium, and up to 700 MeV/c in 16O and 12C have been
measured. The amount of short range correlations needed to explain the momentum distributions
will be discussed.

The magnetic form factor G $ of the neutron has been studied in the quasifree scattering
d(e,e'n)p using the 3-spectrometer setup with an accuracy of better than 4% in the g2 range
from -3.0 /m~ 2 to -22.2 fm~2. The electric form factor G£2 of the neutron has been measured
through the quasifree scattering of polarized electrons in the 3He(e,e'n) and d(e, e'n) reactions
by means of a flexible non-magnetic detector arrangement comprising a large solid angle neutron
polarimeter at q2 = -8 /m~ 3 .

An exciting question is the deformation of the nucleon ground or excited states. An exper-
imental result of the E2/M1 ratio of the excitation of the A resonance with polarized photons
in p(7, 7TOI+) reaction will be shown providing for the first time the extraction of this ratio in an
unambiguous way and making an isospin separation possible.

A last topic will concern meson production with real and virtual photons. In the electropro-
duction of -it0 in the inverse kinematics of the p(e, e'p)w° reaction, the transverse, longitudinal
and transverse-longitudinal interference cross sections <7r, <*L, aTL have been measured close to
threshold. Another intriguing reaction is the p(7,7r°7r°)p channel. Unexpected results at threshold
will be shown. Results from a very precise study of the p(7,rjo)p show the instructive selectiv-
ity of the coupling to the N(1535)Sii resonance. The meson produchun will be confronted to
predictions of the recently emerging low energy approximation of QCD: the chiral perturbation
theory.
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QCD SUM RULES AND NONLEPTONIC WEAK INTERACTIONS

W-Y. Pauchy Hwang

Department of Physics, National Taiwan University
Taipei, Taiwan 106, China

It is known that the method of QCD sum rules1 provides an efficient way for unraveling
consequences of QCD for a physical process which involves strong interactions. Ow-
ing to modifications due to strong interactions, on the other hand, nonleptonic weak
interactions remain as a.poorly understood sector in the standard model. Thus, we
have launched serious efforts to use QCD sum rules to determine weak parity-violating
nuclear forces, a flavor-conserving sector of ronleptonic weak interactions which has
been subject to experimental studies because of its parity-violating signature.2

As an illustrative example, I describe the procedure3 of using QCD sum rules to obtain
the weak parity-violating (p.v.) pion-nucleon coupling constant frNN- We ftnd that
/»AW is smaller than the "best estimates" based on quark models4 by almost aji order
of magnitude. This result follows from the cancellation between perturbative and
nonperturbative QCD processes not found in quark models, but explicit in the QCD
sum rule method. Our result is consistent with the experimental upper limit found
from 18F parity-violating measurements.

The method which we have adopted is then used to determine5 the p.v. pNN and u>NN
couplings, which together with the weak irNN coupling give rise to the parity-violating
nuclear forces.2 It is also being used to study two-body weak decays of hyperons in
order, to shed some light on the empirical rules such as the A / = £ rule. We wish to
report the results of these studies at the Conference.

1 M. A. Shifman, A. J. Vainstein, and V. I. Zakharov, Nucl. Phys. B147, 385, 448
(1979).
2 E.G. Adelberger and W.C. Haxton, Ann. Rev. Nucl, Part. Sci. .35, 501 (1985).
3 E. M. Henley, W-Y. P. Hwang, and L. S. Kisslinger, Phys. Lett. B, submitted for
publication.

* B. Desplanques, J.F. Donoghue, and B.R. Holstein, Ann. Phys. (NY) 124, 449
(1980).
5 W-Y. P. Hwang and Chih-Yih Wen, manuscript in preparation.
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Heavy Ion Reactions around the Coulomb Barrier

C. Signorini

Dipartimento di Fisica and INFN

via Marzolo 8, S51S1 Padava, Holy

The researches in this field are moving along two main lines: reactions induced

by stable beams and by radioactive-unstable ones.

With stable beams the study of the interrction around the Coulomb Barrier

has reached a high degree of understanding the details of the interaction. In the

sub-barrier domain the contribution of specific degree of interaction (deformation,

transfer, angular momenta involved), can be evidenced from very precise cross

section measurements as predicted by theoretical calculation (so-called barrier

distribution approach).

In the above barrier domain coupled channel calculation have been very suc-

cessful in reproducing transfer or scattering cross sections measured also with

relatively heavy projectiles. These results represent also a success of approaches

with sophisticated modern experimental techniques.

The studies with radioactive beams do not have for the moment high precision

because of the "lbw quality" of the beams themselves but represent a real challenge

and most probably the future of "low energy nuclear physics".

These potential researches have also triggered an intense theoretical activity

for predicting fusion, scattering and break-up cross sections particularly in con-

nection with halo nuclei and/or nuclei with very loosely bound outer nucleons

(< 600 keV).

The first experimental results on fusion cross section with 6He, 11Be, obtained

at Dubna, RIKEN, GANIL are quite exciting and open a new research field.
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DYNAMICS IN HEAVY ION INDUCED FUSION-FI0SIOH REACTIOBS

8.8. KAPOOR
Bhabha Atomic Research Centre

Trombay, Bombay - 400 085
INDIA

Recent work carried out with energetic heavy ion beams from

the Bombay pelletron Accelerator leading to heavy ion fusion-

fission reactions will be described bringing out the role of the

dynamical aspects relating to nucleus-nucleus-collisions and the

fission process. The anomalous fragment angular distributions,

their interpretation with the inclusion of pre-equilibrium

fission phenomenon, and the entrance channel dependence of the

process will be discussed to bring out the dynamical features of

the process. The time scales of the fission process, as deduced

through the use of Neutron and charged particle clock will be

discussed for various cases with different entrance channels and

fissionabilities. Analysis of the experimental results to

disentangle the contributions to the fission delay arising from

different stages namely fusion, diffusion to the fission barrier

and sadddle-to-scission motion will be discussed.



1-23

Nuclear moment of inertia and blocking effect

J. Y. Zeng"), C. X. Yang6) and Y. S. Chen''
°) Department of Physics, Peking University, Beijing 100871, China

*' Institute of Atomic Energy, Beijing 102413, China

Three long-standing difficulties encountered in the theory of nuclear moments of inertia are as:

1. Excessive reduction of nuclear moment of inertia due to pairing interaction. The BCS theoretical
moments of inertia of the ground bands in rare-earth and actinide even-even nuclei are systematically
smaller than the experimental ones by a factor of 10-30% | l , p. 82], i.e., a systematic excessive
reduction of nuclear moments of inertia was found.

2. Odd-even difference in the nuclear moments of inertia. According to the BCS treatment, the
moment of inertia associated with one-quasiparticle state in odd-A nucleus should be larger than
those of the ground state configuration of adjacent even-even nuclei by a factor of ~ 15%. However,
the observed odd-even differences in nuclear moments of inertia show large fluctuation [1, p. 310—
318]. The occurrence of 'identical" bands in neighboring superdeformed nuclei, particularly the
'identical* bands observed in normally deformed pairs of even- and odd-mass nuclei at low spin J2J
was considered as a serious challenge to the mean field (BCS) approximation.

3. Additivity of nuclear moment] of inertia. Let Jo, J(f), J[pv) denote the moments of inertia of
quasiparticle vacuum |0)), one-quasiparticle state a^|0)), and twe-quasipartide state <*£<*+|U», it
can be shown (3] that -

R = |(J(,,) - Jb) + </(„) - M\l\J[p,) - J b l - l

i.e., the additivity of nuclear moments of inertia. However, the observed results show that the R

values are systematically larger than 1, which implies large residual quasiparticle interaction due
to Mocking.

All the three difficulties are intimately connected with the proper treatment of the blocking effects
and disappear in the particle-number-conserving treatment [3,4,5], in which the blocking effects are taken
into account exactly. The blocking effect is also found on the shape-driving of single-particle orbit. The
strong shape-driving force generated when a high j and low K orbit is occupied with a particle may lead
to dramatic change of nuclear deformation and thus change the paring field of a secondary effect. The
observed anomalous delays of the crossing frequencies in odd-proton nuclei W T - l ' *Xa [6] may serve as a
nice example for such a blocking effect, but have not been well understood. We are trying to explain this
phenomenon by means of the mechanism based on the deformation driving effect and interplay between
the deformation and pairing fields.

|l) A. Bohr and B. R. Mottelson, Nuclear Structure, vol. II. (Benjamin, 1975).

[2] e.g., C. Baktash, J. D. Carrett, D. F. Winchell, and A. Smith, Phys. Rev. Lett. 69, 1500 (1992).

[3] J. Y. Zeng, T. S. Cheng, Nud. Phys. A405, 1(1983).

[4] J. V. Zeng, T. H. Jin, and Z. J. Zhao, Phy*. Rev. C50, 1388(1994).

|5] J. Y. Zeng, Y. A. Lei, T, H. Jin, and Z. J. Zhao, Phys. Rev. C5O, 746(1994).

[6] C. X. Yang, et al., Chinese J. of Nucl. Phys. 16, 223(1994); Shuxian, Wen, et al., Z. Phys. A359,
417(1991); S. Q. Li, et al., Nucl. Phys. A555, 435(1993).
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MULTJSTEP PROCESSES IN NUCLEAR REACTIONS

P.E.HODGSON

Nuclear Physics Laboratory, University of Oxford.

The quantum-mechanical theories of multistcp reactions that have been developed

during the last decade are reviewed, in particular those due to Fcshbach, Kerman and Koonin,

Tamura, Udagawa and Uiiskc, and Wcidenmuller, Nishioka and Yoshida. The interrelations

of these theories arc described, and their usefulness illustrated by detailed comparisons with

a range of experimental data for neutron and proton reactions. The techniques used to

distinguish between the multistcp direct, multislep compound, compound and collective

contributions to the cross-sections are described, and their effectiveness assessed. Particular

attention is devoted to recent analyses that take into account the transitions from the multistep

direct to the multislep compound chain and also to those that evaluate the collective

contributions to the continuum region. The variation of the effective nucleon-nucleon

interaction with incident energy and target nucleus is studied, and the possibility of a

parameter-free calculation is discussed. The extensions of the theory to include multiparticle

emission from the*direct chain and also to studies of alpha-particle emission arc described.
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The LSND Experiment

Richard L. Imlay

Physics Department, Louisiana State University, Baton Rouge, LA 70803, U.S.A.

Representing the LSND Collaboration-!-

A search for excess ve' s has been made using the Liquid Scintillator Neutrino Detector,

located 30m from a beam dump at LAMPF. The Ve are detected via Vep -» e*n with e+

energy between 36 and 60 MeV, followed by a y from np -> dy (2.2 MeV). Using strict

cuts to identify Y s correlated with e+ yields 9 events with only 2.1 ± 0.3 background

expected. A likelihood fit to the entire e+ sample results in a total excess of 16.4^9 ± 3.3

events. If attributed to neutrino oscillations of the type vM -* vr, this corresponds to an

oscillation probability of [0.34$% ± 0.07)% .
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THE NEW LIGHT OF GALLEX
ON THE SOLAR NEUTRINOS PROBLEM

presented by Michel Cribier
Centre d'dtudes de Saclay

DAPN1A/SPP
F-91191 Gif-sur-Yvette Cedex • FRANCE

for the GALLEX collaboration

The results of the radiochemical GALLEX experiment show a deficit of solar
neutrinos : 79 ± 10(stat.) ± 6(syst.)SNU, compared to the standard solar model (SSM)
predictions of 123 SNU to 132 SNU . GALLEX is the first experiment to have detected the
primary pp neutrinos from the most abundant and best predicted of the solar neutrino
branches. The radiochemical chlorine detector, which has been operating for the last 25
years, is not sensitive to these pp neutrinos but can detect the more energetic yet less
abundant and solar neutrinos; its result is about one third of the SSM predictions. The real
time Kamiokande experiment, which uses a Cerenkov technique and is sensitive only to the
most energetic neutrinos, observes a deficit of a factor of 2. The other radiochemical gallium
detector, SAGE, now yields a rate, 73 ± 18(stat.) ± 6(syst.)SNU , very similar to that of
GALLEX. All of these solar neutrino results, even if the experimental and theoretical errors
are considered, are not easily reconciled with the SSM and could imply neutrino oscillations

Recently GALLEX, has performed an investigation with an intense man-made
neutrino source (61.9 ± 1.2 PBq). The source, produced via neutron irradiation of 36 kg of
chromium enriched in 50Cr, primarily emits 746keV neutrinos. It was placed for a period of
3.5 months in the reentrant tube in the GALLEX tank, to expose the gallium chloride target
to a known neutrino flux. This experiment provides the ratio, R, of the production rate of
Cr-produced measured in these source exposures to the rate expected from the known source
activity : R = 1.04 ± 0.12. This result not only constitutes the first observation of low-
energy neutrinos from a terrestrial source, but also (a) provides an overall check of
GALLEX, indicating that there are no significant experimental artifacts or unknown errors at
the 10% level that are comparable to the 40% deficit in observed solar neutrino signal, and
(b) directly demonstrates for the first time, using a man-made neutrino source, the validity of
the basic principles of radiochemical methods used to detect rare events (at the level of 10
atoms or less). Because of the close similarity in neutrino energy spectra from and from the
solar branch, this source experiment also shows that the gallium detector is sensitive to
neutrinos with full efficiency.

The present results of the four solar neutrinos experiments implies a stronger
suppression of the 7Be neutrinos (of middle energy) than the reduction of the most energetic
ones, the 8B ones. Astrophysical solutions fails to reproduce this differential reduction. The
successfull result of the GALLEX source experiment exclude a pure experimental solution.
The only remaining possibility which reconcile solar models and experimental results is the
so-called MSW effect, implying a non-zero neutrino mass.
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THE ELFE PROJECT: AN ELECTRON LABORATORY FOR EUROPE
Bt.Tiard Frois

DAPNIA/SPhN, C.E. Saday, F-91191 Gif-sur-Yvette, France

Although one knows the microscopic theory for the strong interactions, one does not
understand how quarks build up hadrons. After twenty years of theoretical developments
we still lack reliable, analytic tools for this problem. This is one of the most important
problem of contemporary physics. Therefore a common goal of nuclear, particle and
astrophysics is today to understand the formation of matter from quarks and gluons.

Experiments are fundamental to guide our efforts to reach this goal. Thus, the Nudear
Physics European Collaboration Committee (NuPi-i JC) has proposed that a major ini-
tative be launched to develop a proposal for a 15 to 30 GeV European continuous beam
electron accelerator.

The research program of ELFE addresses the questions raised by the quark structure of
matter: the role of quark exchange, color transparency, flavor and spin dependence of
structure functions and differences between quark distributions in the nudeon and nudei,
color neutralization in the hadronization of a quark.. .All these questions are some of the
many exciting facets of the fundamental question:

"How do color forces build up hadrons from quarks and gluons? "

ELFE will focus in particular on the following research topics:

• Exclusive processes. Exclusive electroproduction processes, including polarization
experiments, are needed to study the spatial structure of hadrons. Because they
require coherent scattering of the quarks, exclusive observables are sensitive to the
quark gluon wave function of the hadrons. Typical examples are virtual Compton
scattering and form factors of mesons or baryons.

• Nucleus as a detector. A central idea is to use the nucleus as a microscopic detec-
tor to determine the time evolution of the elementary quark configurations in the
building up of hadrons. A typical example of this research program is color trans-
parency in quasi-elastic reactions and in charmonium production. Another one is
hadronization in the nudear medium. For these processes, the nucleus is used as a
medium of varying length.

This paper will present the physics goals and a brief overview of the ELFE project [1],
an Electron Laboratory For Europe. NuPECC has recommended in 1994 this project to
the European Science Foundation.

References

[1] The ELFE PROJECT, edited by J. Arvieux and E. De Sanctis (Italian Physical
Society, Bologna, 1993)
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ADVANCES OF NUCLEAR MICROPROBES
AND THEIR APPLICATIONS

Yang Fujia*#, Tang Jiayong*, zhu Jieqing*
* Fudan University
# shanghai Institute of Nuclear Research

Since the first nuclear microprobe was reported in
1970, it has been proved that nuclear and atomic
techniques can be successfully used in the microscopic
characterization of materials. The techniques available
to the nuclear microprobes have been continuing to
grow. Many of the microprobe techniques are based on
the advantages of high sensitivity and low background
of the nuclear analytical techniques: PIXE, RBS and
Channelling, NRA, and ERDA. Some , new developed
microprobe techniques are related to micro-imaging and
elucidation of material properties other than just the
elemental natures of the specimen. Microprobe
technology and its applications is a very rapidly
developing area with much activities in biology and
medicine, geology and mineralogy, metallurgy, micro-
electronics, arts and archaeology, environmental and
other sciences.

This paper reviews the recent progress of the
nuclear microprobe technology in both micro-analysis
and micro-imaging. The main features of the nuclear
microprobe facilities established at the Shanghai
Institute of Nuclear Research and Fudan. University will
be described. Some examples of their applications are
enclosed to show the potentialities of the technique
for a variety of scientific studies. They are micron
scale investigations of marine ores, identifications of
single aerosol particles, studies of Carlin-type gold
mineral grains, micro-analysis of meteorite alloy
crystals, depth profiling of micro-phase changes in
materials, investigation of paleoenvironment by micro-
analysis of shells and microfossels and characteri-
zation of nodular cast irons.
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Chaotic Motions in Nuclear Systems

Xu Gong-ou

Department cf Physics, Nanjing University, Nanjing 210008, China

and Department of Modern Physics, Lanzhou University, Lanzhou 730000, China

The idea of chaotic motions in nuclear systems i&tss back to N.Bohr's paper on

compound nucleus reactions. This has been reviewed by Mottelson and Weidenmuller

in Niels Bohr Centennial Conference. Only recent progresses will be discussed here.

Several authors have pointed out difficulties about eigenvector statistics, order to chaos

transitions and quantum-classical correspondence in fluctuation studies with the random

matrix theory, while Mottelson has pointed out there must be a condition for the random

matrix ensemble. Taking these points together, we have to come more de ply to the

dynamical aspect of the problem.

Works about the thermalization in the nuclear shell model are discussed on the basis of

dynamical chaos. As a generalization from purely bound states, the problems of compound

nuclear reactions including the mean cross section and fluctuations about the mean are

also discussed.

At last some remarks are given.
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Temperature Dependence of the Chiral Condensate
from an Interacting Pion Gas

J. WAMBACH

.Department of Physics

University of Illinois at Urbana-Champaign

Urbana, IL 61801

USA

The aim of relativistic heavy-ion collisions with cm-energies £a, > 20 GeV/A is to
create a quark-gluon plasma at early stages of the collision. ' It is predicted that the
formation of the plasma is accompanied by a chiral restoration transition which, for
two light flavors, is most likely second order. By exploiting the fact that the chiral
condensate is related to the derivative of the free-energy density with respect to the
bare quark mass, the temperature dependence of the condensate ratio (99)7/(99)0 from
an interacting pion gas. When using the Weinberg Lagrangian at the Hartree level a
depression of the condensate with temperature is found. For T < 100 MeV the results
are in good agreement with chiral perturbation theory in the three loop approximation.
Near Te, however, there can be marked differences due to non-perturbative nature of the
Hartree approach. Ambiguities arising from explicit chiral symmetry breaking will also
be discussed.
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Suppression of ip' and Jfrp in High-Energy Heavy-Ion Collisions

Cheuk-Yin Wong
Oak Ridge National Laboratory, Oak Ridge, TN S78S1, U.S.A.

High-energy heavy-ion collisions have become the focus of intense experimental and
theoretical research in recent years because ol the possibility of producing a deconfined
quark-gluon plasma during such collisions [1]. The J/ip suppression in the environment
of a quark-gluon plasma has been suggested as a way to probe the screening of the
interaction between a charm quark and its antiquark partner in the plasma [2]. A
comparison of the production of ip' with J/ip would provide additional information on
the dynamics of the production process and the environment in which it is produced.

Recent experimental measurements on ip' and J/tj> yields at 200 GeV/nucleon reveal
three main features [3]: 1) ip'/ip, the ratio of the yield of rj>' to J/tp, is approximately
a constant in pA collisions, 2) rp'/ip decreases as the transverse energy JEj- increases in
S+U collisions, and 3) ifr'/ip for S+U collisions is about 0.5 of that for p+W or p+U
collisions. These features cannot be completely explained in terms of the conventional
absorption model [4]. I would like to describe an absorption model with additional gluon
disruption which can explain all three features of the phenomenon.

We envisage that in a soft baryon-baryon collision, the diquark of one baryon forms
a string with the valence quark of the other baryon. The gauge field between them
is polarized and gluons are emitted from the colored diquark, the valence quark, or
any produced gluons. We can describe each baryon-baryon collision as having leading
diquark and valence quarks, with a large number of gluons produced in the middle
rapidity region. On the ther hand, the production of J/ip or rj>' in a baryon-baryon
collision occurs by the interaction of the partons of one baryon with the partons of
the other baryon. The pair of c and c are created on a small distance scale. It is
necessary for the produced incipient cc pair to spend a "formation time" to evolve from
the dimension of about 0.02 fin to the bound state equilibrium radius of 0.5-1.0 fin.

In a pA collision, the incipient cc pair, which is produced dominantly in the central
rapidity region of the colliding baryons, is not in the same spatial region as gluons
produced in earlier or later collisions. The space-time trajectories of these gluons do
not cross that of the produced incipient cc so there is little interaction with them during
the formation stage of the J/tp and t/>'. •'

The situation is different in a nucleus-nucleus collision. There arc many baryon-
baryon collisions where the incipient cc system is located in the spatial region of gluons
produced in earlier baryon-baryon collisions. In the environment of the produced gluons,
the interaction between the incipient cc system and the gluons will disrupt the formation
of bound states. Because the %p' particle has a radius about twice that of J/rp, the
evolution from the small incipient cc pair to the bound state will take a longer time
for xp' formation than it takes for J/ip. Therefore, the rp' formation is disrupted more
than the J/il> formation in a gluon-rich environment. This effect, in addition to the
absorption arising from the interaction of the produced J/t/> and rp' with the nuclear
medium, explains quantitatively all of the main features of the observed phenomenon
in J/ip and tp' suppression.

•Research sponsored by the USDOE under Contract No. DE-AC05-84OR21400 man-
aged by Martin Marietta Energy Systems, Inc.
1. For an introduction, see e.g., C. Y. Wong, Introduction to Sigh-Energy Heavy-Ion

Collisions, World Scientific Publishing Company, 1994.
2. T. Matsui and H. Satz, Phys. Lett. B178, 416 (1986).
3. C. Baglin et al., NA38 Collaboration, Phys. Lett. B345 617 (1995).
4. C. Gerschel and J. Hiifner, Phys. Lett. B207, 253 (1988).
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ON NUCLEAR TRANSPARENCY AND HADRONIC FORMATION
TIME

G. Musulmanbekov
Joint Institute for Nuclear Research, LCTA,

141980, Dubna, Russia

In the frame of cascade model of hadron-nucleus and nucleus-nucleus collisions multi-
particle production is considered with taking into account the concept of formation time
(or formation length). For secondaries produced during the collision we put the following
sum rule for succeeding collisions of them inside projectile and target nuclei and with each
other for forward (backward) hemisphere in c.m.s. of interacting hadrons

*'<7' + £ > m a ' = ff', (1)

where z' is Feinman variable of the remnant of the projectile (target) hadron, xm is the
same one for m— produced secondary and a1 is initial projectile-target cross section.
Taken into consideration the formation time notion leads to the development of cross
sections of these particles during their movement inside nucleus. When the succeeding
collision occurs these particles will have the following cross sections

(2)

for leading particle,
am = <rm - (am - xm<Tl)e-TK™> (3)

for m - th secondary, where a1 - normal cross section of the incident particle in the first
collision, a1 - cross section of the remnant of the projectile (leading particle) in the second
collision, am - cross section of the m - th produced particle, am - cross section for this
type of particles in the normal state, 7 - Lorentz-factor and To is adjustable parameter
corresponding to the mean value of the formation time in the rest frame of the particle. In
this approach the evolution of cross section or formation length of secondaries depends on
both formation time parameter and xF. One can get an agreemnt with the experimental
data in two cases.

l.Formation time parameter To = 1.8 • 10"M5, that corresponds to formation length
1 = 4 . 5 * 5 fm.

2.1n addition to formation time notion, we assume that cross section of hadron with
the nucleon of target or projectile nucleus even in the first interaction is less than for that
one as if that nucleon is in a free state: ow — a • (fhN with a < 1. In this case one can
get an agreement with data at To = 0.6 • 10~Ms and a = .85 and we can say about nuclear
transparency to hadronic interactions.
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Physics of the first 0.3 fm/c at high energy heavy ion collisions

Li Xiong, B. Shuryak
Physic3 Department, SUNY, Stony Brook, NY 11794

The "hot-glue" scenario[l], predicting that at RHIC energies the partonic system
rapidly leaches kinetic equilibrium with the initial temperature T, = 500 MeV, was con-
firmed by other studies such as HIJING [2] and the Par ton Cascade Model [3]. Further
discussion of multiplication of gluons due to multi-gluon production processes has also
resulted in conclusion, that the gluonic plasma reaches chemical equilibrium [4]. However,
there is no consensus on the initial number of gluons in the plasma (or gluon fugacity {,-),
and because of that many details of the process, including the total generated entropy,
remained very uncertain.

We examine the parton multiplication in the first impact of nucleus-nucleus collisions,
including the contribution from all orders of the tree diagrams for processes like gg -* ( n -
2)g. The large n processes are found to be as important as the lowest order multiplication
process gg —» ggg, which is included in HIJING and PCM. Moreover,' our approach is
free of the ambiguous concept of a virtual gluon, and from any use of the leading-log
approximation.

. The critical parameter is the cut off value, separating the domain of the perturbative
QCD. We argue that in heavy ion collisions it is different from that in the pp case, and
should be determined self-consistently. If its value at RHIC drops below 1 GeV, as one
can estimate from (equilibrium) lattice data, significant increase in multi-gluon rates lead
to very rapid thermalization.

References

[1] E. Shuryak, Phys. Rev. Lett. 68(1992)3270.

[2] X.N. Wang and M. Gyulassy, Phys. Rev. D44 (1991)3501.

(3] K. Geiger and B. Muller, Nucl. Phys. B389( 1992)600.

[4] L. Xiong and E. Shuryak, Phys. Rev. C49(1994)2207.
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HADRONISATION DURING QGP PHASE TRANSITION

A. K. Mohanty and S. K. Kataria
Nuclear Physics Division, Bhabha Atomic Research Centre,

Bombay-400085

One of the main reasons for studying of high energy heavy ion collisions came from
QCD predictions for possible manifestation of the phase transition, in which the
so called Quark-Gluon plasma is produced. Although the exact nature of phase
transition is still not without controversies, there is much interest in detecting
appropriate signals of the expected new state of matter. It is expected that due to
the onset of phase transition (whether first or second order), the hadron multiplicity
distribution will possess large non-statistical fluctuations which may show up self-
similarity at all resolutions. These fluctuations at varying resolution can readily
be measured in heavy ion collisions. The nature of the fluctuations should reveal
some aspects of the dynamical processes in which the hadrons are detected. In a
previous work [1], it was shown that in the Landau theory of phase transition (PT),
the factorial moments of the hadron multiplicity distributions exhibit scaling law.
A scaling exponent was found which is not sensitive to the order of the PT. This is
in contradiction to the conclusion drawn by Hwa [2], where the scaling exponent is
found to be different depending on whether the transition is of 1st or of 2nd order.

We have investigated this aspect in detail in the same Landau's mean field ap-
proach, where Tc is the transition temperature if the transition is of 2nd order and
the transition temperature is Tt (Tt > Tc) if PT is of 1st order. The observed varia-
tion of the exponent from 1.45 to 1.30 is the result of its dependence on temperature
T and has no relation with the strength or the order of the phase transition. Since
the freeze out temperature is an unknown parameter, we have studied the multi-
plicity distribution at various temperatures in the hadron phase which has under
gone either a 1st or 2nd order PT. It is seen that except at temperature very close
to Tt ( i.e. in case of 1st order transition) , the scaling exponent does not distin-
guish whether the transition is of 1st or of 2nd order. In reality, the freeze out
temperature is less then the critical temperature and it is not possible to know the
order of the transition from the value of the scaling exponent. However, the study
of this scaling is important as it indicates the presence of a possible PT.

The hadron multiplicity distribution has also been studied in detail and are quite
sensitive to the order of the PT. These calculated distribution can not be always
prametrized by means of Negative Binomial Distribution (NBD) which is most
commonly used to the fit the experimental data and therefore, one should analyse
the goodness of fits to look for the presence of PT in the multiplicity distribution.

1. A. K. Mohanty and S. K. Kataria, Phys. Rev. Lett. 73 (1994) 2672.

2. R. C. Hwa, Phys.Rev. C 50,383 (1994).
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DIFFUSION MODEL FOR RELATIVISTIC HEAVY-ION COLLISIONS

Georg Wolschin

D-69120 Heidelberg, Germany

It is proposed to describe the nonequilibrium-statistical nature of heavy-ion collisions at
relativistic and ultra-relativistic energies in a diffusion model based on a transport equation for
the distribution function of macroscopic variables such as longitudinal energy E|| and transverse
energy E j . The buildup of transverse energy from the relativistic longitudinal motion, and the
damping of this motion, is considered to occur in a sequence of random (diffusive) steps
corresponding to incoherent hadron-hadron and quark-quark collisions. I describe this process
via a distribution function W(E||,Ex,b;t) which obeys a transport equation with relaxation and

diffusion terms. Analytical solutions of this equation evaluated at t(b) for each impact parameter
b account, in particular, for the global fluctuation properties of the system in a transparent way.

These properties are essentially independent of the dynamical evolution of the collision, which
is treated here in a schematic fashion through an impact-parameter dependent interaction time
t = tjnt (b). The buildup of transverse energy occurs due to the damping of the longitudinal
energy with a time constant Tr-. The relaxation time is determined by the number of target and
projectile participants, the asymmetry of the participant system and the available energy. A
detailed comparision with AGS- and SPS-data at ultra-relativistic beam momenta shows that
mean values as well as variances of the transverse energy do not reach the statistical equilibrium
values determined by energy and momentum conservation. Hence, a nonequilibrium-statistical
treatment is clearly necessary. The statistical fluctuations become very large at small impact
parameters; they are essential for the understanding of the data. The characteristic times' for the
buildup of transverse energy are found to be of the order of lO'23 s. Precise agreement with the
data on transverse energy distributions is obtained, for example with 11.4 A GeV/c Au + Au
(AGS *)), 200 A GeV /c p + Au 2) and with 200 A GeV/c S + W (SPS3)), and a prediction
for Pb + Pb at SPS- energies becomes possible 4).
References
1) J. Barrette et al., Phys. Rev. Lett. 70 (1993) 2996
2) J. Bachler et al., Z. Physik C52 (1991) 239
3) T. Akesson et al., Nud. Phys. B3S3 (1991) 1
4) G. Wolschin, preprint .
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Calculated transverse energy distributions in comparision with the AGS-data for 11.4 A GeV/c
Au + Au oftheE814/E877-collaboration.andwith 200AGeV/c S + WoftheNA34collab.
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ELECTROMAGNETIC ELECTRON-POSITRON-PAIR PRODUCTION IN
PERIPHERAL HEAVY-ION COLLISIONS

Kai Hencken and Dirk Trautmaan
Inaiitutfir PhytiM, Univenitat Basel, Klingdbergitraue 8t, CH-4056 Basel, Switzerland

Gerhard Baur
Forschungizentrum Jilich, IrutiM fir Xernpfcystfc (TE), D-5H25 Jilich, Germany

The strong electromagnetic field present in relativistic heavy-ion collisions can be used to
study photon-photon processes. Besides the central collisions, where the ions meet each other,
peripheral collision* are of interest also. Due to the long range of the electromagnetic field,
photon-photon processes are possible up to large impact parameter, resulting often in large
cross sections. These processes are, on the one hand, background processes, which nave to be
known well. In order to be subtracted; on the other hand, they are interesting on their own, as
they allow to study QED with strong external fields.

Electron-positron pair production has attracted some interest in the recent past due to the
observation that the total probability in lowest-order perturbation theory exceeds one for realistic
energies and impact parameter as large as the Comptonwavelength A« = 386 fin1>3).

We study the production of electron-positron pairs in an external field. Unitarity violation in
lowest order is solved through the inclusion of multiple-pair production and vacuum processes
(see Fig. 2). Neglection of the antisymmetrisation in the final states leads to a Poision dis-
tribution, already found earlier 3>4>s<6). The lowest-order result can be interpreted as the pair
multiplicity.

We calculate explicitly the impact parameter dependent probabilities P(b) based on the
second-order Feynman diagrams. Results for the different N-palr probabilities for RHIC are
shown in Fig. 1. EPA and DEPA results overestimate these probabilities by orders of mag-
nitude. We calculate also higher-order multiple-particle corrections in second-order Magnus
theory, which have not been considered up to now (see Fig. 3). For the LHC, these are found
to be corrections on the 5-10 % level.
References

1) C.A. Bertulani and G. Baur, Phys. Reports 163 (1988) 299.
2) K. Hencken, D. Trautmann, and G. Baur, Phys. Rev. A49 (1994) 15S4.
3) K. Hencken, D. Trautmann, and G. Baur, Phys. Rev. A (to be published).
4) G. Baur, Phys. Rev. A42 (1990) 5736.
5) M.J. Rhoades-Brown and J. Weneser, Phys. Rev. A44 (1991) 330.
6) C. Best, W. Greiner, and G. Soff, Phys. Rev. A46 (1992) 261.
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SHOWER PARTICLE MULTIPLICITY DISTRIBUTION ON CENTRALITY IN
NUCLEUS-NUCLEUS COLLISIONS

E.R.Ganssauge1, G.I.OrlovaJ, M.Roeper1

Representing the EMUOl Collaboration

1) Philipps-Univenity Marburg, Renthof 5, D-35032 Marburg, Germany
2) lebedev Physical Institute, Leninsky pr.53, Moscow 117924, Russia

An equation it presented, which allows to calculate the dependence of the shower particle mul-
tiplicity for nucleus-emulsion collsions < n, >A£m, on an experimental measured value Q/Zp,
( the normalized charge flow in forward direction), which is strongly correlated to the impact
parameter of an interaction:

>AEm = < "5 >m.< Pt, > [< PPpt > (1 " £ : ) + < ^pr

< n, >nn U the mean nudeon-cudeon shower particle multiplicity.
< Ppr >= J V ( 1 - ^ - ) is the mean number of projectile participants.
Apr, Zr are mass and charge of the projectile.
< Pt9 >= •^ttf'J is the mean number of target participants.
< A'p, > is the mean number of neutral projectile participants for very peripheral collisions.

The equation combines data from a wide range of projectile masses (6-197) over a large momen-
tum region ( 4-200 AGeV/c )
The possible meaning of the equation parameters is discussed in the context of a. limple geome-
trical model. -
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EXCITED NUCLEON MODEL OF RELATTVISTIC HEAVY-ION COLLISIONS

Zheng Shian

(Department of Physics, Nankar-Unhentty, Tlanjin, 300C71, China)

We study the high energy heavy-ion collisions within the traditional hadron picture. Some of nucleons in

the colliding nucleus may undergo re scattering. The produced hadrons may abo have secondary coUtaiottg. We

call them the colleclive effect of nucleus.

We start from Anisovich's quark statistical model111. But we assume that in a N-N collision the two col-

Hding nodeons are excited separately and become excited nucleons. The mam spectrum of the excited uncleon

contains a discrete part as well as a continuum. Hence the inelastic cross section should be written in a form

which is gumming over the discrete spectrum -and integrating over the continuum of the mass spectrum of the

two excited nucleons. Further this expression must be independent of the mass unit used b the computation. We

take the most simple probable form,

where Ay, B, and Ct are constants. Carrying out the integration one gets

This is nothing but the empiric formula of the average multiplicity. I (Irmly believe that this to a strong support

for the excited nucleon concept. An excited nncleon with certain invariant mass still may hare some different

excited states, it counld be a combination of n, pain of light qq, o. pairs of u and ne pain of cc provided 2

(n,iBu+n1ni1+ncin(.) <M—1%. A plausible assumption is that the relative probability of the configuration (nal a,,

aj la proportional to their degeneracy, phase space factor and the suppression factor for the production of the

heavy qq. Thus we can calculate the yields of q ^ pairs. Then according to the method of Anbovich's

model'l|one can obtain the yields of final state hadrons.

According to Anlsovlch"1, one can calculate the effect of the multi-scattering. The effect of the secondary

collision can be determined by fitting the data of P-A collision. Using this result we can more realistically esti-

mate its effect in the heavy-ion collision.

By fitting the data for p-p collisions at s=29,485Ger3 we get «,=031Gev, w,= 0,48Gev, mc = 1.55Gev,

and calculate the yields of charge hadroas for p-p collisions in a wide energy range (s= 12-960Gev*). In the

whole range we get an excellent agreement with the data. We also calculate the yields of ji+and K+in p-Au and

central Si-Au collisions at p, ,-14 JGcv / c. Our model hat a good agreement with ES02 experiment for all the

p-Be, p-An and central, Si-Au collisions. Consequently the increase of the K V JI+ ratio from p-Be to p-Ao

to central Si-Au collisions can be understood by collective effect of nucleus without requiring the formation of

the Quark Gluon Plasma.

The author would like to thank professor Xie Qu-bin, professor Chao wer-gln and professor Li Xue-qian

for helpful discussions.
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A GLAUBER THEORY ON THE TRANSVERSE ENERGY DISTRIBUTIONS IN
'ULTRA-RELATIVISTIC HEAVY ION COLLISIONS'

W u | Cheng-Shing, Zhao Qiang «ad T*ag Ping
(INCP'95, Departmsnt of Technical Phyiics, Peking University, Beijing 100871, China)

A phenomenological model for global observable* in the ultra>relativistic heavy ion collisions
was proposed in an earlier work which is very simple while in good agreement with experiments!1!.
The aim of present work is to give it a theoretical derivation and thus a physical understanding
upon its parameters.

Assume the average N-N collision number with impact parameter b is

(1)

where desif/d'T i* the N-N collision transverse energy distribution, DBA{\>) is the B+A nucleus-
nucleus overlapping section density. As the N-N inelastic collision probability in a B+A collision
with impact parameter b can be defined as

W (2)

the probability P{n,h) for n times N-N collisions in this B+A collision is a Poisson distribution
when BA » n and p < 1,

« J f , (3)

so its contribution to the B+A inelastic cross section is

« = 1 '

Therefore, the probability for n times of N-N inelastic collisions having transverse energies
«Tl.««,• • • >«m respectively is

n^f (5)
and its contribution to the B+A transverse energy distribution is

-eTl-...-CTn)> (6)

To sum it over n, and in the case of n —• oo and thus «ri being very small, we have approximately

m

(8)

where'?r and c£ are averaged over the distribution dtrNN/deT respectively.
Eq.(7) is just the phenomenological model formula given in reference^], the only difference

is that the width of Gauss distribution A(b) is not a constant but a function of b. Considering
this difference, a preliminary numerical calculation shows that this formula can be fitted to
experiments much better than the earlier one, especially in the low energy side.
Reference
(1) Chenr-Shing Wang and Kan-Zhu Gno, Pays. Rev., C4B (1993) 329.

*TMi work b mpporttd by the National Natural Science Foundation of China.
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COLLISION GEOMETRY, ENERGY LOSS AND TRANSVERSE ENERGY
DISTRIBUTION IN PROTON-NUCLEUS COLLISIONS

Liu Fuhu
( Institute of High Energy Physics, Beijing 100039, China )

Recently, the analyses of experimental data of 200 GeV/c
proton-nucleus ( p-A ) collisions [1] indicate the simple model
which based on purely collision geometry [2] can describe the
transverse energy ( Et ) distributions of light target, such as
Al, and mediate target, such as Cu, but cannot correctly
describe the Et distributions of heavy target, such as W and U.
In other words, the simple geometrical picture [2] fails to
Uescribe the p-A collisions for all targets in a consistent way.

In this paper, according to the nuclear collision geometry
which was considered carefully in the interaction cross sections,
.surface effects and nuclear deformations [3], the transverse
energy distributions in high energy p-A collisions are obtained.
In calculation, the energy loss of leading proton in each
proton-nucleon ( p-N ) collision is considered simultaneously.

In the X collisions between high energy proton and target
nucleons, the lost energy in each p-N collision is the excitation
energy of particles production. For a given collision number X,
we regard the ratio of energy loss as 50% in the last p-N
collision and 10% in the former p-N collisions.

For each p-N collision, the distribution of transverse energy
is taken in the same form as references [1'] and [2], i.e.,

f(Et) - 4Et/<Et>2-exp[-2Et/<Et>],

where the mean transverse energy <Et> in each p-N collision
relates to the energy loss of leading proton. The distribution of
total transverse energy in X collisions is the convolution of X
individual distributions. The experimental distribution of Et is
the weighted sum of f(Et) in X range from 1 to Xmax. The
probability distribution of collision number X in high energy p-A
collisions can be obtained by the Monte Carlo method based on
references [3] and [4].

Our calculations show that the transverse energy distribution
of p-A collisions can be described by a geometry picture which
was considered carefully in the nuclear collision geometry and
energy loss. Not only the light target, such as Al, and mediate
target, such as Cu, but also the heavy target, such as U, the
calculated results are in good agreement with the experimental,
data.
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Probing the Equation of State of Hot and Dense Matter Formed
in Relativistic Nuclear Collisions

Yingchao Zhang
Department of Physics, State University of New York, Stony Brook, NY 11794-3800, USA

(December 31, 1994)

The ultimate goal of studying relativistic nuclear collisions is to understand the properties
of hot and dense hadronic matter and quark matter formed in the collisions. The flow study,
which started at intermediate energy heavy ion collisions more than "ten years ago, can be
utilized at high energy nuclear collisions to achieve this goal.

In this paper, the author will introduce a new method for flow analysis after a brief
summary of all methods used previously. The new method, called Fourier expansion of
azimutbal particle distributions [1], not only includes naturally all preexisting methods into
the same framework, but also provides a mean to detect detailed azimuthal event shapes
of the particle distributions. This would be crucial to study the possible hydrodynamical
behavior of the hot and dense matter, and in turn to determine the equation of state of such
a matter. The argument is proceeded by using this new method to analyze results from
ideal (3+l)-dimensional one-fluid hydrodynamical model [2] calculated recently [3] for Au
on Au collisions at AGS energy (11.4A x GeV/c).

The Fourier expansion method was employed in flow analysis by E877 at AGS for Au on
Au collisions. For the first time, flow was observed in high energy heavy ion collisions [4,5].
The data will be presented and compared with cascade models as well as hydrodynamical
models to shed a light on the collision dynamics, and the equation of state, if to some
extend equilibration is established towards the end of such violent collisions.

Finally, as a possible signature of the phase transition from badronic matter to quark
matter, an event-by-event analysis including Fourier coefficients as the event shape param-
eters will be proposed for future prospectives.

[1] S. Voloshin, Y. Zhang, to be published, www: hop-ph/940782 (July 1994)
[2] B. Waldhauser, D.H, Rischke, U. Katscher, J.A. Maruhn, H. Stocker, W. Greiner, Z. Phys..

C 54 (1992) 459
[3] U. Katscher, D.H, Rischke, private communications (1994-1995)
[4] J. Barrette et al., Phys. Rev. Lett. 73, 2532 (1994)
[5] Y. Zhang, J.P. Wessels, talk given at QM'95 conference (January 1995)
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THE TRANSPORT THEORY FOR A+NUCLEON SYSTEM

IN HEAVY ION COLLISION 1

Zhuxia Li, Guangjun Mao, Yizhong Zhuo
(INPC'95 China Institute of Atomic Energy, P.O.Box 275(18), Beijing 102413, China)

Up till now in the RBUU theory for the description of the relativistic heavy ion collisions
A is not treated as strictly as nucleons. From the studies on relativistic heavy ion collisions
and the the properties of nclear matter including the A degree of freedom it is shown that
the A should be treated as strictly as nucleon. To incorporate the A in the RBUU theory
we develop a formalism that treat A analogously to the nucleon.

We start from a Lagrangian density for a system of nucleons and deltas interacting
through <7,' w mesons

L = # 7 , 9 * -

where 0 ^ is the Rarita-Schwinger spinor of the A-baryon.
The closed time-path Green's function technique is used in the derivation of the rela-

tivistic BUU equation. The corresponding Dyson equations for A's and nucleon's Green's
function read as

j dx3 j «fe4G*?(l,4)E2'(4,3)iG5,(3,2), (2)

3,2), (3)J dx3 J (te4
.respectively. Eq. (3) and (4) are coupled with each other through Ejv(4,3), E^"(4,3) which
is the nucleon, delta self-energy which we take up to the Born apprximation, respectively.
The general derivation procedure for equation of A is similar with nucleon's [1] only for the
A we have to deal with the Rarita-Schwinger field. We first derive the equation of motion for
G~0, one of the component of G^, then take the Wigner transformation and two approxi-
mations,i.e. the semiclassical approximation as well as the quasi-partical approximation. We
finally obtain the kinetic equations for both nucleon and A ,which turn out to have the same
form and can be written as follows:

(4)

Here N stands the equation for nuclson and A for that of A. Obviously, Eqs for nucleon and
delta are coupled with each other through the mean field term and collision term and the
RBUU equations should be solved simultaneously.

The detailed devivation for equation of nucleon and the in medium nucleon-nucleon cross
section ow can be found in [1,2] and that for A can be found in [3].
References
l.Guangjun Mao, Zhuxia Li, Yizhong Zhuo, et.al. Phys. Rev. C48, 3137(1994),
Phys.Lett. B327(1994)183. and Z.Phys.A347(1994)173,
2. Li Zhuxia, Mao Guangjun, Zhuo Yizhong, NATO ASI on 'Hot and Dense Nuclear Mat-
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HIGH ENERGY HEAVY-ION REACTIONS IN THE RBUU APPROACH1

T. Maniyama'1*, S. Teis1,, W. Cassing1 and U. Mosel1

'Institut fur Theoretische Physik, Universitat Giessen, D-35392 Giessen, Germany
'Department of Physics, Kyoto University, Kyoto 606-01, Japan

The main aim of high energy heavy-ion physics \B to determine the equation of state (EOS)
of nuclear matter under extreme conditions far from the ground state. To achieve this goal,
experiments between 100 - 2100 MeV/u have been performed and a lot of experimental data on
collective flow and particle production have been accumulated. Although numerical transport
simulations have revealed the main reaction mechanisms of heavy-ion collisions it has not been
possible to describe both the collective flow phenomena and the particle production with a
unique parametrization for the EOS.

We study in particular the transverse flow and the subthreshold Jf+-production in the Lorentz
covariant RBUU approach using explicitly momentum-dependent (MD) mean-fields [1]. In order
to investigate the influence of MD mean-fields on observables we use parametrizations of the
mean-fields that are fitted to reproduce the saturation properties of nuclear matter, the empirical
proton-nucleus optical potential as well as the density and momentum dependence of the mean-
fields from Dirac-Bruckner theory. The comparison of results with these explicitly MD mean-
fields and those obtained employing momentum-independent mean-fields reveals a substantial
impact of the momentum dependence on density distributions as well as on the transverse-flow.

Using our MD-parametrizations to calculate subthreshold K+-production we find that this
observable exhibits a significant sensitivity to the nuclear EOS. Furthermore, the comparision
to the experimental data for the transverse flow shows that our MD-parametrizations yield
a reliable description of the phase-space distribution in the compressed fit&ge of a heavy-ion
collision. Since we suceed to reproduce the experimental data on transverse flow [2] and K+-
production cross-section at £(„*= 1 GeV/u [3] using the same MD-parametrization we are able
to draw more definite conclusions on the behaviour of the nuclear EOS around p=2- 3ft,.

[1] T. Maruyama et al., Phys. Lett. 287B (1992) 228; Nucl. Phys. A573 (1994) 653.

[2] P. Danielwicz, et al. Phys. Rev. C38 (1989) 120; H. H. Gutbrod, et al., Rep. Prog.
Phys., Vol 52 (1989) 1267.

[3] P. Senger, Nucl. Phys. A553 (1993) 757c.

FIGURE The K+- produc-
tion cross-section in Au + Au at 1
GeV/u. The meaning of parameters
are given in Ref [1], and the experi-
mental data are taken from Ref. [3].
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'Work.supported by BMFT and GSI Darmstadt
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Strangeness enhancement in central
Sulphur-Nucleus collisions at CERN-SPS

energies. A signal for Quark Gluon Plasma
formation ?

J. Eschke for the NA35 Collaboration, Univ. of Frankfurt, Germany

The enhanced production of strange hadrons in nucleus-nucleus collisions at ultra-
relativistic energies was predicted to be a signal of the formation of a QGP.
The experiment NA35 performed a systematic study of the production of A, A,
K°, K+ and K~ in p+A and S+A reactions at 200 GeV per nudeon.
Their multiplicities, rapidity distributions and spectra are reviewed, and the de-
pendence of the strangeness production as a function of target and projectile
masses is presented.

The strange particle production is compared to the abundance of non strange
particles, especially negatively charged pions which are measured in full phase
space in the same experiment. A clear enhanced strange hadron production
relative to 7r~ is observed in S+A collisions compared to p+p and p+A reactions
at the same energy. Fig. 1 shows the rapidity distribution of A produced in
central S+S collisions (circles) in comparison with the corresponding distribution
for nucleon-nucleon interactions (squares) scaled with the ratio of the negative
hadron multiplicities in the two systems. This strong enhancement points at
a fast strangeness production in the dense reaction zone. The strange particle
abundances indicate a fast approach to chemical equilibrium which is difficult to
explain on the base of pure hadronic interactions.

Furthermore the A/p ratio at mid-rapidity as a good measure of strange-
antistrange compared to light gg-quark pair production in the baryon-rich mid-
rapidity region is discussed for various systems. Fig. 2 shows the A/p ratio
at midrapidity in p+p, p+A and S+A collisions at 200 GeV/N as function of
rapidity density.

A/p 200 GeV/nucl.

0 1 2 3 4 5 6
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The ratios of strange baryon to antibaryon produced
in relativistic nucleus-nucleus collisions

Sa Ben-Hao1, Tai An2 and Lu Zhong-Dao1

China Institute of Atomic Energy,
P.O.Box 275, Beijing,102413 China
Department of Theoretical Physics,University of Lund,
Sol'vegatan 14A,S-223 62 Lund, Sweden

Strangeness production is expected to be a powerful probe for the formation of Quark-
Gluon Plasma (QGP) in ultrarelativistic nucleus-nucleus collisions.since in the phase of QGP
the ih^eshold energy of strange quark production is much lower than that in the phase of
Hadronic Matter (HM).

Due to the low yield and the serious contamination from parent decay strangeness produc-
tion is quite hard to measure ,thus in the 'world data',which are put together to compare.not
only the values of observable were considerably different from each other but also the reac-
tion system and the acceptance window were different as well. Strangeness production is
also very difficult to deal with theoretically.aa the concerned strange quark production and
exchange reactions are so rich and the knowledges of the relevant cross sections are so poor.

Recently NA36 has published their results of the ratio of yields for the H~/A,the S~/S~,the
E~/A and the A/A[l]. Those were quite different from the old world data.which arises
challenge to the theorists .

We report here the theoretical results of aforementioned ratios.by using new version of
Fritiof event generator,Luciae,including the collective interations among strings during their
gluon radiation[2] and the rescattering of produced particles[3j. Those theoretical results
are comparable with corresponding experimental data (in parentheses): A/A=Q.129 (6.117
±0.011)=-/A=0.066 (O.OeeiO.OlS),!17/A=0.0983 (0.127±0.022) and E r /H~= 0.192 (0.276
±0.108). It seems to us that the experimental data of the ratios of strange baryon -to an-
tibaryon might be explained on the HM scenario and might not need, to invoke the QGP
formation. • \

1. NA36 Collaboration, E. Andersen.et al., Phys. Lett.,B327,433 (1994).

2. B. Andersson, Phys. Lett.,B256(1991)337.

3. Sa Ben-Hao,Wang Zhong-Qi.Zhang Xiao-Ze,Song Guang.Lu Zhong-Dao
and Zhang Yu-Ming, Phys. Rev. ,C48,2995(1993).
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The Transverse Polarization of A0 Produced in the Collisions of S + P b at relativistic
energy

Yunxio Ye. Ning Wn
University of Science.and Technology of China, llefei 230026, China

The transverse polarization of A0 produced in the interactions of sulphur and lead
at beam energy of 200 GeV per nucleon was analyzed. The preliminary results, the
angular distribution of protons decayed from A0 and the transverse polarization ver-
sus transverse momenta of A0 were obtained, in particular, the transverse momenta
were extended to 3.8 GeV/c.



1 - 1 8

The Physical Meaning of Recent Data on the Single

Photon Production in SPS Nuclear Collisions

Hsiao-bai Ai and Bao-sen Zhou
Institute of Nuclear Research, Academia Sinica, Shanghai £01800, China

Thermal high-energy photons are considered the clean probes of a quark-glucn ' plasna( QQP)
and hot hadronlc Batter OH).[11 Recently the first statistically significant data on single
photon spectra for the 200A GeV S + Au collisions at the CEBN Super Proton Synchrotron (SPS),
using the direct aethed,were reported by 1A8O.E1,2 The present measurement results may
validate sooc different scenarios. Hie preliminary discussion can be found in [31 and [43.

Based upon Ref.CS) has provided evidence for colliding nuclei atop each other to a large
degree at AGS energies and a Urge transverse expansion of a hot fireball before freeze- out,
assuming that Q3P.ii formed in the collision and would subsequently cool and eventually
hadronize, we use the 'full stopping icenatio" to evaluate the distributions of teaperature
and particles, in the fireball. Then using different expressions of the rate of emission of
photons given in literature, choosing different initial temperatures, we integrate then over
the longitudinal nooentua and over the expansion to obtain the transverse aoawntum
distribution of photons produced from QQP and W . In our numerical calculation, the critical
temperature T. - 160 -180 HeV, decoupling temperature Tt- 140 HeV,. initial radius of the
fireball Ro - 3.0 fa. The average expansion time and the freeze-out radius are given by self
-consistent evaluations about the space-time evolutions of the system.

Our results are> 1). Actually the whole process Is in non-equilibrium,although Fig.(91 In
(11 shows'an exponential distribution with a slope parameter of T.^«vl80 HeV/c, It must not
mean the fireball become equilibratedi 2). For teaperature as long as there exists an
instantaneous thermal distribution, uiing the mean value theorem for integrals *e may prove
that the single photon spectra versus the transverse momentum la an exponential function with
a mean value value T*i 3) The data in [1] favor the scenario incorporating a quark- hadron
phase transition In above-mentioned self-consistent calculation.But the results of (41 show
some concave curves being different from [1J, it nay arise from involving the impossible
contribution of QOP in O . 4 ^ P T ^ 2 . 4 OeV/c at SPS energies) 4). A alow expansion model In [31,
needing 30-40 fa/c in mixed phase expansion, conflicts with the results in [ Q , not enough to
attract attention. The point is that one doesn't know how many per-cent of minimum bias cross
section the central collisions should have, this is really an adjustable parameter now.

References
(II For example see I. H. Hampert, IKP-MS-S4/0101, Munster, 1994.
[21 R. Santo, Nucl. Phys., A 666, 61c (1984).
13) E. V. Shuryak, L. Xlong, Phy. Lett., B 333, 316 (1994).
[41 0. K. Srivastava and B. Sinha, Phys. Rev. Lett., 73, 2421 (1994).
[53 J. Barrette et al., PHys. Lett.. B 333, 33 (1994).
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Chinese Academy of Science and by »«nih»< Autoaoblfe Gear Works.
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PHOTON EMISSION IN COLLISIONS

BETWEEN 200-GeV/NUCLEON 32S IONS AND m A u NUCLEI

F. Plasil, Physics Division, Oak Ridge National Laboratory,
P.O. Box 2008, Oak Ridge, Tennessee 37831-6372, USA

For the WA80 Collaboration

The measurement of photons is the primary and unique feature of the CERN WA80
Collaboration. Single photons, which are directly radiated from hot hadronic matter or
from the quark-gluon plasma that may be formed in collisions between two nuclei at
very high energies, due to their low interaction probability, may reflect the properties
of the relevant early stages of the reaction. Yields of neutral mesons, such as pions
and tj mesons, are also deduced from the photon measurements, and their accurate
determination is c required ingredient in the extraction of'the "direct" photon yield.

In the WA80 experiment performed at the SPS accelerator at CERN, photon mea-
surements were accomplished by means of an array of 3800 lead-glass modules. Yields
of neutral mesons were obtained by means of reconstruction of the invariant mass of all
possible photon-pair combinations and by means of the subtraction of the large com-
binatorial background obtained from invariant mass reconstruction from mixed events.
This technique makes it possible to obtain reliable results down to signal-to-background
ratios of 0.002, at which point no invariant mass peak is visible at the neutral-meson
mass in the raw data. Measurements were performed in the rapidity range from 2.1
to 2.9. Within statistical and systematic uncertainties the spectral shapes of ir° and rj
mesons are identical when their differential cross sections are plotted as a function of
the transverse mass. This indicates that phenomenological mr scaling, observed earlier
in nudeon-nucleon reactions, is also valid in nucleus-nucleus collisions.

The extraction of the yield of single, "direct" photons from the data is a difficult
process,, involving numerous systematic corrections. For a given event class, the single
photons are obtained from the difference between the measured inclusive photon yield
for that event class and the photon yield expected from the decay of known resonances
for the same event class, obtained with the aid of simulations. The range of all errors
in the WA80 data is 6% to 7%. In central events, preliminary results indicated a
small, but statistically significant, excess of observed photons over the yield that can be
expected from the decay of hadrons. We present here the results from recent independent
reanalyses of the data.

* Managed by Martin Marietta Energy Systems, Inc., under contract DE-AC05-84QR21400 with the
U.S. Department of Energy.

\ "Th« aubmltud' mtnutcript h u been authored by k-conlrtctor of th«
U.S. Government und«r contract DE-AC0S-O4OIUH00. Accordingly,
the U.S. Government rete,lni m nonexclusive, royeity.free licence to pub.
Lieh or reproduce the publiehed form of thi> contribution! or illow oth-
er* to do eo, for U.S. Government purposee."
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Systematic Study of Boson Source Size from the NA44 Experiment
at the CERN-SPS

Toru Sugitate for the NA44 Collaboration

Department of Physics, Hiroshima University

Bose-Einstein correlation study in sulphur-nucleus and lead-lead collisions at the

CERN-SPS energies will be presented. Multi-dimensional analysis of pion

correlation function is employed systematically to extract dimensional source

sizes in various nuclear colliding systems of S+S, S+Ag and S+Pb, as a function

of their charged particle multiplicity. We found that the dependence of radius

parameter shows a curve proportional to the cube-root of the multiplicity,

supporting a model of freezing out at a constant density of the bosons of interest.

Questions addressed are "What dependence is seen for pion pairs emitted in a

different transverse momentum region?" and "What dependence is seen for

Kaon pair correlation?", and finally "Does the source parameter from a lead-lead

collision agree to the curve extrapolated from the sulphur induced reactions?".

Discussion on these questions will be made at the conference. Comparison of

the charged particle multiplicity dependence to predictions from event

generators will be discussed. Systematic study of the boson sources from single

charged particle measurements in sulphur- and lead-induced collisions will also

be presented.
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RELATIVISTIC HADRONIC CASCADE ANALYSIS
OF TWO-PION BOSE-EINSTEIN CORRELATION

FOR Si + Au COLLISIONS AT A6S ENERGY

Feng Zhong-Han,Sa Ben-Hao and Wang Rui-Hong

China Institute of Atomic Energy,
P.O.Box 275(18), Beijing,102413 China

Bose-Einstein correlation between two identical bosons offers a powerful probe to
explore the space-time evolution of ultrarelativistk nucleus-nucleus collisions and the
possibility of Quark-Gluon Plasma'formation. The proposed relativistic hadronic
cascade model[l] has been used to analyse two-pion Bose-Einstein correlation in
central collision of Si + Au at AGS energy. The x~r~ correlation function calculated
according to the space-time and four momentum distributions of *~ at freese-out
agrees quite well with that of E802 experimental onse[2]. We also have calculated
the root mean squared length of the x~ source above and compared it with the
conventional fitted radius of *•" source. It is mentioned that due to the non-Gaussian
features in position and momentum distributions of the source and the dependence of
the location upon the momentum especially,to regard the conventional fitted radius
as the spatial extent of the source is dangerous/ Instead^t might be more reliable
to predict the spatial extent of the source with the root mean squared length.

References

1. Wang Zhong-Qi, Sa Ben-Hao, Lu Zhong-Dao, Zhang Xiao-Ze, Song Guang
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Song Guang, Sa Ben-Hao, Wang Zhong-Qi, Lu Zhong-Dao, Zhang Xiao-Ze
and Zheng Yu-Ming, High Energy Phys. and Nucl. Phy«.,19,172(1995).
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MULTIPLE PRODUCTION AND FRAGMENTATION
IN A-EMULSION COLLISIONS AT 11.6-200 A GEV

M.M.Chernyavsky,
(EMU-01 Collaboration), P.N.Lebedev Physical lnstltute,Lenln pr. 53,

117924,Moscow,Russia

The analysis of general characteristics of fragmentation and multiple production
In A-nucleus collisions In nuclear photoemulslon at 11.6-200 A GeV presented.
The possibility to measure the charges of all projectile fragments enables to see
the dependence of these characteristics upon centrallty.

At Intermediate energy about 1 GeV it was shown that In p'A and AA collisions
Inclusive charge distribution of final products follows a power law with exponent
equal 2.64. However the distribution of charges of medium mass fragments from
A+Em collisions at 10-200 A GeV does not obey'.the power law.

Multiplicity distribution of relatlvistlc produced panicles was analysed from the

point of view of recently proposed ratio of cumulant moments to factorial

moments depending on order of moments q.Thls ratio Is sensitive to the shape

of multiplicity distribution and reveals the oscillations with Increasing of q.The

position of first minimum gradually shifts from q-5 to q-7 with increasing of mass

of projectile from Oxlgeri to Aurum.lt Is Interesting that such behaviour nearly

the same as for hard processes at asymptotic energy.

The angular .distributions of produced particles for central collisions In pseudo-

rapidity scale are well described by Gaussian function with variance depending

on beam energy.

Inclusive distributions of transverse momentum of projectile fragments give
evidence for two sources of emission which can have different nature.
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RECENT RESULTS OF E866 ON HADRON PRODUCTION
IN Au+Au REACTIONS AT AGS ENERGIES

Ziping Chen
(for the E8O2 collaboration,

Dept. of Physics, Brookhaven National Lab. Upton NY. 11973, USA)

The aim of experiment E866 is to study relativistic heavy ion reactions by measuring
semi-inclusive hadronic particle production in Au+Au reactions at 10.7 A'GeV/c under
conditions of various types of global event characterization such as centrality and
reaction plane. Two magnetic spectrometers are used to reconstruct and identify

produced particles (p, rc*, K*, and antiprotons) produced in the reactions in a wide
rapidity range, 0.6<y<2.6. For comparison, the beam rapidity is 3.2. In central Au+Au
collisions, our rapidity distribution of measured protons obtained by integrating over
transverse momentum indicates substantial stopping. Hence higher baryon density has
occurred in the reactions in comparison with p+A and Si+A reactions at AGS
measured by our collaboration previously (E802/E859) U ) . Also a larger average
transverse momentum is observed for protons. Low p t enhancement has been observed
for 7i" production but not for n+ production, which provides information on the size of
the reaction zone. Compared with reactions induced by lighter ions, the yields for
strange particle, K+, increase more than that of pions. Preliminary results from
Phoswich detectors around the target show the existence of flow phenomena by
measuring <PX> of protons in the reaction plane as a function of pseudorapidity.

Systematic results of hadron production will be presented as a function of centrality
and reaction plane in the Au+Au reactions. Emphasis will be given on the production

of strange particles, K*, and possibly antiproton production in comparison with
previously measured p+Au and Si+A reactions. In conjunction with model calculations
for the dynamics of the reaction, we will discuss the issues concerning nuclear matter
at high baryon density achieved in Au+Au reactions.

References
1) E-802 Collaboration, T. Abbott, et al. Phy. Rev. D45 (1992) 3906
2) E-802 Collaboration, T. Abbott, et al. Phy. Rev. C50 (1994) 1024
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SYSTEMATIC STUDY OF DELEPTON PRODUCTION FOR NUCLEUS-NUCLEUS AND
NUCLEON-NUCLEON RELATIVISTIC COLLISIONS

H.S. Matis \ S. Bccdoe *, R. Bossingham a, M. Bougteb «, J. Carroll b , W. Christie <*, W.
Gong », T. Hallman <*, L. Heilbronn a, H. Huang a , P.N. Kirk «, G. Krebs a, G. Igo \ A.
Letessier-Selvon a , L. Madansky d , F. Manso c , J. Miller a, C. Naudet a , R.J. Porter a, M.
Prunet «=, G. Roche «. c, L . S . Schroeder «, P. Seidl *, Z. F. Wang <=, R. Welsh <•, W.K. Wilson
a , and A. Yegneswaran '

' ' • (The DLS Collaboration)

a Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 USA
b University of California at Los Angeles, Los Angeles, CA 90024, USA
c University Blaise Pascal/IN2P3, F-63177 Aubriere Cedex, France
d Johns Hopkins University, Baltimore, MD 21218, US A
e Louisiana State University, Baton Rouge, LA 70803, USA
f CEB AF, Newport News, V A 23606, US A

The DLS Collaboration has completed a second generation study1 of dilepton production
at the Bevalac. Because of their limited interactions with nuclear matter, dileptons can be used to
probe the interior of a nucleus-nucleus collision. The significant increase in data enables our
collaboration to produce measurements with consequently smaller statistical error bars. In
addition, we were able to make many more detailed examinations of our apparatus so that we
have been able to understand and measure systematic effects in a much better manner. As a
result of this effort, we have been able to achieve a new understanding on the mechanisms of
dilepton production in the relativistic energy region.

In particular, we have measured dielectrons fromp-p and p-d collisions2 to determine the
basic dilepton production mechanisms in the energy range from 1.0 GeV to 4.9 GeV. These
data can be used to determine the fundamental processes which contribute to nucleon-nucleon
dilepton production. The data show that a simple elastic bremsstrahlung calculation is
insufficient to explain the data. It is necessary to add inelastic bremsstrahlung terms to explain
the p-p to p-d ratio at low mass. Processes such as t | Dalitz Decay and rc-7i annihilation also need
to be added. Dilepton cross sections will be presented so that the predictions of theoretical
models can be tested.

Furthermore, we have made studies of the following nuclear systems: d-Ca, a-Ca, C-C,
Ca-Ca at 1.05 A-GeV. The first three reactions have never previously been studied, while the
Ca-Ca set represents nearly an order of magnitude increase in the number of dielectron pairs over
previous measurements. Those reactions were chosen so that the transition from nucleon-
nucleon collisions to nucleus-nucleus collisions can be explored. Using this systematic set of
measurements, we can separate the effects of trivial nuclear effects such as Fermi motion in the
nucleus from possible collective nuclear effects. Concurrent with the dielectron signal, a
measure of the charged particle multiplicity emanating from the interaction was also performed.
The multiplicity measurement is used to ascertain whether there is any dependence of dilepton
production with the impact parameter of a collision.

The dielectrpn pair mass spectra are compared between the various data sets to determine
if nuclear collective effects can be seen in the Ca-Ca collisions. Such comparisons yield
information about the dominant dielectron sources involved in these nucleus-nucleus
interactions. For instance, the n-n annihilation contribution, which is sensitive to the in medium
effects of the nuclear collision, can be studied.

'H. S. Matis et ai, LBL preprint LBL-36033, to be published in the Proceedings of the Fifth International
Conference of Nucleus-Nucleus Collisions, Taormina, Italy by Nuclear Physics A.
2H2. Huang et aL, Phys. Rev. C 49,314 (1994).
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PRODUCTION OP COMPOSITE FRAGMENTS AND
STRANGE PARTICLES AT INTERMEDIATE ENERGY IN

THE EOS DETECTOR
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We present charged-particle-exdusiw measurements from a time projection chamber that
is the principal subsystem of the EOS detector. The data come from a series of exper-
iments at the Bevalac in 1992. Here, we focus on mass-symmetric systems and report
findings for fragments emitted forward of mid-rapidity, where acceptance is optimum and
extends down to zero transverse momentum.

Composite fragments are studied in Au + Au collisions as functions of beam energy
(between 0.25A GeV and 1.1bA GeV), charged particle multiplicity, fragment transverse
momentum, azimuth relative to the event reaction plane, and rapidity. At participant
rapidities, fragments up to 4He are produced with useful abundance at the upper end
of the beam energy range, while heavier charge states can be studied at the lower beam
energies. Most features of the momentum-space densities of fragments above a transverse
momentum threshold are consistent with momentum-space coalescence, and in partic-
ular,the increase in sideward flow with fragment mass is generally well described by a
momentum-space power law. Dynamical correlations1) are predicted to cause substantial
deviations from statistical coalescence, especially for less central collisions at the lower
beam energies, and the experimental status of these correlations is investigated.

Strangeness production is studied for collisions of Ni + Cu at 1.9A GeV as well as
for the higher energy Au + Au events. Our largest sample contains several thousand A
baryons, reconstructed from the pir~ decay channel with an invariant mass resolution of
better than 5%. Smaller samples of neutral kaons (reconstructed from Kg —* ir+ir~) and
positive kaons have also been accumulated. Topics of interest include production rates,
rapidity distributions, correlations with the event reaction plane, and A polarization.

1) J. Aichelin, Phys. Rep. 202 (1991) 233; P.-B. Gossiaux et a/., Phys. Rev. (in press).
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Subthreshold Antiproton Productions in Light-ion Collisions
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(c) Department of Physics, Kyoto University, Kyoto, Japan.
(d) Institute for Nuclear Study, University of Tokyo, Tokyo, Japan.
(e) RIKEN, Wako, Japan.
(f) Institute of Theoretical and Experimental Physics, Moscow, Russia.
(g) Nagasaki Institute of Applied Science, Nagasaki, Japan.
(h) Department of Physics, Kyushu University, Fukuoka, Japan,
(i) Department of Physics, Niigata University, Niigata, Japan.
\On leave from Tel Aviv University, Israel.

Abstract
We have measured cross sections of subthreshold p productions in pA, d A and QA

reactions at the incident energy ranging from 2 to 5 GeV/u. An enormous enhancement
of p productions in deuteron induced reactions was found at lower incident energies. It is
very difficult to explain such an enhancement with our present knowlegde on the nuclear
reactions in GeV region.

Experiment was performed at the T3 beam line of the proton synchrotron (PS)
at the National Laboratory for High Energy Physics (KEK). Intensity of the deuteron
beam was 0.8 xlO12 per spill on the experimental target, and that of the a beam was
5 xlO10. Targets were carbon, aluminum and copper with thichnesses of 6.9, 10.8 and
13.4 g/cm2 (less than 10% of the interaction length), respectively. The production
angle was 5.1°. The particle identification of p was made by two stages of time-of-
flight (TOF) measurements with a total flight path of 11.79 m. With a cut on the
pulse height of the upstream counters, accidental coincidence events were significantly
reduced. Tracking devices were placed at the intermediate focal plane and near the
downstream TOF counters to determine the acceptance of the beam line.

The experimental data were compared with a Monte Carlo calculation based on a
first-chance single NN collision model taking account for the internal motion of nucleons
in both projectile and target nuclei. With one free parameter, namely, a normalization
factor of p production cross sections in elementary NN collisions, all experimental data
were well reproduced for pA reactions. However, cross sections for dA reactions were
always underestimated by the model, especially at high p momenta and at low incident
energies.

In April 1995, we will measure thep production cross sections in dd reactions. Data
from dd reactions may shed light on the question of enhancements of subthreshold p
productions in dA reactions.
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Experimental Observation of an Antlcorrelation between Pion
and Baryon Emission in Relativlstic Heavy Son Collisions

A. Kugler, V. Wagner, P. Tlusty, M. Pachr, M. Sumbera

Nuclear Physics Institute, 250.68 Rei, Czech Republic
and TAPS Collaboration

GANIL-Univ.Giessen-KVI Groningen-GSI Darmstadt-Univ.Valencia- NPI ke±

We report particle-exclusive measurements of triple-differential cross sections for positive

pious and protons in multiplicity-selected collisions of 1 GeV/u 209Bi+20ePb. The dependence

upon the azimuthal angle with respect to the reaction plane is studied as a function of the

particle rapidity and transverse momentum. Baryonic flow and squeeze-out are clearly

established. The different origin of the meson flow as compare to the baryonic flow is

manifested in the experimental data. First results from similar TAPS study of neutral meson's

emission relative to the reaction plane in 2 GeV/u Ni+Ni and 800 MeV/u Au+Au collisions will

be reported. Possible mass and/or compresstonal effects will be discussed.
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Collective Flow Effects in (Semi)central Collisions of Heavy Ions
at Relativistic Energies
N. Herrmann for the FOPI Collaboration

Gesellschaft fur Schwerionenforschung, Darmstadt, Germany

The reaction mechanism in seinicentral and central relativistic heavy ion collisions is
studied by the FOPI detector at SIS/GSI in Darmstadt, Germany, over in incident en-
ergy range from 100 AMeV to 2 AGeV. The detector system allows particle identification
by tracking in a solenoidal magnetic field with additional Time-of-Flight and is able to
cope with the large dynamical range of the ejectils, namely intermediate mass fragments
(IMF) si the lower beam energies and pions and kaons at the highest available energies.
Due to the large solid angle of almost 4* the centrality (impact parameter) and the re-
action plane can be well controlled and allows the preparation of azimuthally symmetric
central event classes. Even for these most central events a large amount of ordering is
found in the final state of the reaction. In order to explain the observables collective
expansion of the compressed and heated system is necessary. Approximately 50% of the
available energy is converted to collective flow energy via this mechanism. The influence
of the collective motion on the distribution of resonances (A,A) and Mesons (ir,K) can
be examined. Detailed comparison of sideward flow, radial flow and particle multiplicities
(IMFs and Mesons) for different centralizes with dynamical transport model calculations
are presented and discussed in the context of trying to extract nuclear matter properties
at high density and temperature.

Figl: Collective expansion velocity in
the system Au + Au

Fig.2: Event display with K+ and A in
the reaction Ni + Ni at 1.96 AGeV
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Soft e+e~ Emission from Nuclear Collisions
at Intermediate and High Energies

E. L. Bratkovskaya, V. D. Toneev

Bogolubov Laboratory of Theoretical Physics, Joint Institute for Nuckar Research,
141980 Dubna, Moscow region, RUSSIA

Creation of the low-mass e+e pairs in heavy-ion and hadron-nucleus collisions
is investigated at both intermediate and high energies within a transport approach
based on the Quark-Gluon String Model [?]. Different hadronic resonances are treated
on the same theoretical footing but their in-medium modification is neglected in this
consideration. A large variaty of dielectron sources is taken into account: The direct
decay of vector p, u , (j> mesons, the Dalitz decay of pseudoscalar n, rj mesons, w's and
A's, pn bremsstrahlung and TT+T~ annihilation channels. A rather good agreement with
available experimental data is attained for da/dM in the energy range considered.

The special attention is paid to the study of angular characteristics of decaying
dileptons. The appearance of the lepton angular anisotropy may be considered as
a sign of the dynamical tensor polarization (alignment) of a virtual photon due to
general spin and angular momentum constraints for the specific channel. It is shown
that the decay dilepton anisotropy is quite sensitive to the contribution of different
sources. It gives the hope that this observable may be used for disentangling different
sources (or different models) and searching for the manifestation of in-medium effects
in hadron properties. In general, the decay dilepton anisotropy may serve an additional
signature of a possible chiral symmetry restoration and phase transition of hadrons into
the quark-gluon plasma. An anisotropy estimate for some dilepton sources is given and
its relevance to the problems mentioned is discussed. The large acceptance and high
statistics experiments.are needed to measure this"new observable. In this respect, the
experimental setups of new generation, HADES at Darmstadt and CERES at CERN,
seem to be very promising.

References
[1] V.D. Toneev, K.K. Gudimaand A.I. Titiv, GSI Report, GSI- -92, Darmstadt, 1992;

Sov.Jour.Nucl. Phys. 55 (1992) 1715.; K.K.Gudima, A.A. Titov and V.D. Toneev,
Phys. Lett. B 287 (1993) 302.
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INTERMITTFNCY PATTERNS IN 4.5AGeV/c SILICON-

NUCLBOS INTERACTIONS

• Tauseef Ahmad, Mustafa Abdusalam NaBr and M. Irfan

Department of Physics,
Aligarh Muslim University,
Aligarh-202002(U.P.) INDIA.

Angular distribution of charged particles produced in
4.5 AGeV/c silicon-nucleus interactions have been analyzed
in terms of scaled factorial moments as the behaviour of
scaled factorial moments, popularly known as intermittency,
is expected to be an indicator of the possible dynamical
phenomenon in inul.tiparticle production and the multi-
fragmentation processes in high energy nuclear collisions.
Results favour the possiblility of formation of quark gluon
plasma in preference to a cascade mechanism.
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MEASUREMENT OF CROSS SECTIONS FOR CHARGE-CHANGING
FRAGMENTATION OF 160 A GeV Pb IN VARIOUS TARGETS1

Y. D. HeJ «nd P. B. Price
Department of Physics, University of California, Berkeley, CA 94720, USA

Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA

A considerable traction of ultrarelativistic heavy ion collisions results in fragmen-
tation of projectile nuclei in peripheral collisions involving interactions both nuclear
and electromagnetic, depending on impact parameters. These reactions are intrinsi-
cally of interest, as an aspect of ultrarelativistic nucleus-nucleus interactions which is
not thoroughly understood. These reactions also constitute a strong background in all
experiments designed to detect signals of the Qnark-Gluon-Plasma formation in central
collisions. Much progress has been made in recent years in understanding physics of
peripheral collisions in ultrarelativistic regime.

Using plastic [l] and glass detectors [2,3] with a remarkable charge resolution, we
have previously measured cross sections for charge-changing interactions in collisions
of 200 A GeV MS [4] at CERN SPS and 14.5 A GeV MSi [5] and 11.4 A GeV 197Au
[6,7,8] at BNL AGS in various targets. For 14.5 A GeV MSi and 200 A GeV M S,
we observed large electromagnetic dissociation cross sections in total charge-changing
processes (O~EM/°~TOT ~ 40% and ~ 55% respectively in a Pb target). Both sets of mea-
surements are consistent with the calculations using the Williams-Weiszacker's picture.
For 11.4 A GeV 197Au, however, due to the high Coulomb barrier, the electromagnetic
contribution reduces substantially in charge-changing interactions (O'EMJO'TOT ~ 15%
in a Pb target). Nuclear spallation follows o*rtuc = 57mb(;4J/3+.Ar/3 —0.83)2 for beams
up to Au. To confront theoretical calculations with experiment in the ultrarelativistic
regime, ion beams that are heavier with even higher energies are desired.

We have recently conducted an experiment using the newly available beam of 160
A GeV ^ P b at CERN SPS. In this experiment, we will measure charge-changing cross
sections for nuclear fragmentation, electromagnetic dissociation, and charge pickup re-
action in various targets ranging from C to Pb. These measurements will allow us to
explore new physics occurring in ultrarelativistic heavy ion collisions. New results of
our measurements will be presented in the conference.

References

[1] Y. D. He and P. B. Price, Nud. Tracks Radia. Meas. 20 (1992) 491.
[2] Y. D. He, A. J. Westphal, and P. B.. Price, Nucl. Instr. Meth .B 84 (1994) 67.
[3] Y. D. He and M. Solarz, Nucl. Instr. Meth. B 94 (1994) 113.
[4] P. B. Price, G. X. Ren, and W. T. Williams, Phys. Rev. Lett. 61 (1988) 2193.
[5] P. B. Price and Y. D. He, Phys. Rev. C 43 (1991) 835.
[6] Y. D. He and P. B. Price, Phys. Lett. B 298 (1993) 50.
[7] Y. D. He and P. B. Price, Z. Phys! A 348 (1994) 105.
[8] Y. D. He and P. B. Price, Nucl. Phys. A 566 (1994) 363c.

1This work was in part supported by the U. S. DOE under Contract No. DE-AC0376SF00098.
'Speaker and to whom correspondence should be addressed. Email: yudong@physica.berkeley.edu.
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SEARCH FOR STRANGELETS AND OTHER EXOTIC COMPOSITES
IN ULTRA-RELATIVISTIC HEAVY ION COLLISIONS1

Y. D. He2 and P. B. Price
Department of Physics, University of California, Berkeley, CA 94720, USA

Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA

Strange quark matter, consisting of roughly equal numbers of up, down, strange
quarks, might be absolutely stable or at least meta-stable, and thus would be the
true pound state of matter [l]. Its existence is of great interest not only to particle
physics and nuclear physics but also to astrophysics and cosmology [1,2]. Calculations
indicate that the strange matter may be more stable than normal matter for a wide
range of dynamical parameters [3]. However, uncertainties in the parameters involved
in the calculation such as strange quark mass, the bag constant, and the QCD coupling
constant make this difficult to determine definitely. The accuracy required to clarify the
case seems to be beyond the current capability of theoretical calculations. Therefore,
the solution to this important question would rely completely upon the experimental
search in ultra-relativistic heavy ion collisions [4,5] and in galactic cosmic rays.

We have conducted an exploratory search for strangelets and other exotic composites
using the beam of ~ 10 A GeV 197Au ions at BNL AGS. Our setup consisted of 3 tracking
chambers. Bach chamber contained 25 sheets of CR-39 track-etch detectors [6] inside

•a magnet of 1.5 T. The total fluence reached 109 Au ions in ~ 20 hours of run. The
purpose of the experiment was to search for negatively highly charged (\Z\ > 6) and
shc-t-lived (T ~ 10 ~9 sec) exotic fragments produced at mid-rapidities in 10 A GeV
197Au + Pb collisions. The experiment will reach a sensitivity of 10"8/interaction. The
short lifetime to which this experiment is sensitive makes it complementary to other
experiments at the AGS. We will also search for other exotic composites that might
be created in heavy ion collisions. The results of this search will be reported in the
conference.

References

[1] E. Witten, Phys. Rev. D 30 (1984) 272.
[2] A. de Riijula and S. L. Glashow, Nature (London) 312 (1984) 734.
[3] E. Farhi and R. Jaffe, Phys. Rev. D 30 (1984) 2379.
(4] H. J. Crawford, M. S. Desai, and G. L. Shaw, Phys. Rev. D 45 (1992) 847.
[o] C. Greiner et al , Nucl. Phys. A 566 (1994) 157c.
[6] Y. D. He and P. B. Price, Nucl. Tracks Radia. Meas. 20 (1992) 491. ,
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Wide Angle Fragmentation of Relativlstic F- Ion at a Copper Target

T.M. Hegazy, M.A. Kenawy, P.Vater* and R. Brandt"

Physics Oept., College for Girls, Aln Shams University, Cairo, Egypt.

"Kernchemle, F.B. 14, Philippe Univertltat, Marburg, Germany

The concept of extremity of the velocity of light led to the curiousrty on the intermediate state of matter

between electromagnetic and massive particles. Charged particle accelerators brought into experiment

the Inquiry of relatlvlstlc behaviour of matter. Oenucleation of nucleons might take place to formulate

multiquark systems with new physical and may be new chemical properties.

In the copper target experiment with relatlvlstic haavy ion beam, the enhanced cross-section for •*' Na

yield in copper 'detectors led the inquiry towards our experiment known as "Arabuzov experiment".

Two stacks of CR-39 plastics , 10.5 cm thick each, were irradiated; one, with an area of 2x4 e n 2 ,

directly to the halo of the relatlvlstic, 85 Gev, 1 9 F - Ion beam for calibration and the other, with Ar n 2

area, to the products of the interaction of this beam with a 1 cm thick copper target, going Oui he

beam axis with an angle of 25° at the Dubna synchrophasotron, USSR. Every stack is assemb. of

single sheets, each .075 cm thick.

Three successive sheets of the calibration stack from its middle with others from the second stack ire

etched for 23 hours at 70° C in 6.2S N NaOH solution .

In the calibratfon stack, tracks with diameters corresponding to ralativistlc flourine ions and fragments

produced due to their Interaction with the constituents of CR-39 material, down to boron , were

identified.

tn the other stack, tracks of constant diameters along few successive sheets , from the middle of >he

stack, which abruptly stopped as well as tracks of Increasing diameters due to decelerated proV: :s ,

deuterons, trito.is, alpha particles , 3He- and 6He- ions were observed . Only one track, w! an

oscillating diameter around that of relatlvlstic 1 9 F-ion, was detected along all the stack. The tracks

with constant diameters might be attributed to disintegration of multiquark hadrons into relate.-tic

components with Z<5 at'their stopping points in the CR-39
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FRAGMENTATION OF 6Li NUCLEI
AT 4.5 A GeV/c MOMENTUM IN PHOTOEMULSION

F.G.Lepekhin, D.M.Seliverstov, B.B.Simonov
PNPI, St.-Petersburg, Gatchina, 188350 Russia

Hydrogen and Helium isotope yields have been measured in the interec-
tion of 4.5 A GcV/c BLi projectiles with photoemulsion nuclei. Evidence of
nucleon exchange between relativistic 6Li and target nuclei was obtaned
with the corresponding cross section aexc = (12 ± 3) mb. From fragment
transverse momentum distributions the Fermi momentum .of 6Li nucleus
is defined as 111 ± 6 MeV/c. The size of the emission regionior fragments
with z=2 is approximately twice less then the emission region for particles
with z=l .



1 - 3 5
EVIDENCE FOR SIMULTANEOUS AND SEQUENTIAL EMISSION

OF FRAGMENTS IN *He+mAu REACTION AT 12.7 GeV

%. Todorovic1, S. Savovic2 and S. Jokic2

•institute of Physics, P. 0. Box 68,11080 Belgrade, Yugoslavia
2Fkculty of Science, R. Domanovica 12,34000 Kragujevac, Yugoslavia

We have detected and analysed by an event-by-event model-free analysis production
of one, two, three and four fragments in exit channel. Policarbonate Makrofol in sand-
wich form was used as a detector.. Processes of multifragmentation, spallation and fission
have been observed. The various experimental features of those fragmentation process are
discussed. -•

Two fragmentation models in which fragments are emitted simultaneously and sequen-
tially are compared with, experimental results. A Monte-Carlo simulation has been em-
ployed to examine the diiferences in the Coulomb trajectories of emitted fragments in order
to reproduce experimental distributions of relative angles and relative velocities between
fragments in their center of mass system.
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NEUTRON RELEASE IN RELATTV1STIC HEAVY ION
INTERACTIONS BETWEEN iaC BEAMS AND CU-TARGET

Guo Shi-Lun, Wang Yulan, Sa Benhao, Zheng Yuming
(China Institute of Atomic Energy,

P. O. Box 275(96), Beijing, 102413, China)

R.Brandt, P.Vater
(Kernchemie, FB14, University of Marburg,

D-35032 Marburg, F.R.Germany)

B. A. Kulakov, M. I. Krivopustov, V. S. Butsev, V. Bradnova
(Laboratory of High Energies,

Joint Institute for Nuclear Research, 141980 Dubna, Russia)

Copious amounts of fast Neutrons are released in relativistic heavy ton interac-
tions, which bring about informations on the mechanisms of relativistic heavy ion
interactions and might be applied in future to generation of electricity and disposal
of long-lived radioactive wastes.

In order to determine the energy and yield of the neutrons releasted in rela-
tivistic heavy ion interactions, we have developed methods with CR-39 detector
stacks and detected the neutrons produced in 22 GeV and 44 GeV l zC+Cu inter-
actions at the Synchrophasotron accelerator, Joint Institute for Nuclear Research
(JTNR), Dubna, Russia and calibrated the detectors with neutrons produced at
the accelerator in China Institut of Atomic Energy (CIAE), Beijing.

The ratio of neutrons released from 44 GeV to 22 GeV "C+Cu interactions
has been measured, which is 2 . 1 7 ± 0 . 30 by area track density method, or 2.12
± 0 . 33 by step etching technique, or 2 . 0 3 ± 0 . 34 by volume track density mea-
surements. These results comfirm that the production rate of neutrons at 44 GeV
"C-f-Cu interactions is higher than that of theoretical estimations.
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OPEN CHARM AS A PROBE OF PRE-EQUILIBRIUM
DYNAMICS IN NUCLEAR COLLISIONS?

Ziwel Lin and Miklos Gyulassy
( Box 96, Pupin, Columbia University, New York, NY 10027, USA )

One of our motivation comes from two recent studies [1,2] of open charm which predict widely
different rates in nuclear collisions. The copious charm production in [2] is found to be mairly
due to an overestimation of the contribution from excitation processes, as shown in Pigure 1
below. The solid line is our calculation using gluon-gluon fusion and quark-antiquark "fusion.
The other four curves are taken from ref.[2]. The "intrinsic" charm flavor excitation process is
negligible in the mid-rapidity domain[3,4].

The pre-equilibrium contribution to open charm production in nuclear collisions at •</$ = 200
AGeV is calculated and shown to be very sensitive to the early time evolution of the initial mini-
jet gluon plasma. Different models for the space-time and momentum correlations are studied
and the influence on the charm yield is shown to be significant.

For the extreme fireball case, corresponding to uncorrelated y and v [1], the pre-equilibrium
charm production is comparable with the initial charm production. In order to investigate the
effect of more realistic correlations that may exist in the initial mini-jet, plasma, we introduced
a minimal correlation model taking into account the uncertainty principle and finite formation
times, and found the pre-equilibrium charm yield is negligible compared to the initial charm,
similar to the ideal Bjorken-correlated case where t/ = y. In the following Figure 2, the lower
three curves show the pre-equilibrium charm yields from different correlation cases of the minijet
gtuons.
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Phenomenology of xp Dependence of Quarkonium Production in

Proton-Nucleus Interactions *

W. Q. Chao-*1, C. S. Gao s e^ and Y. B. He"-*

a. China Center of Advanced Science and Technology, (World Laboratory) P.O. Box 0750,

Beijing 100080, China

b. Institute of High Energy Physic*, Academia Sinica, P.O. Bos 918(4), Beijing 100039, China

c. Institute of Theoretical Physics, Academia Sinica, P.O. Box 1185, Beijing 100080, China

d. Physics Department, Peking University, Beijing 100871, China

(March 22,1995)

We present a phenomenological study of the zjr dependence of quarkonium production

in high energy proton-nucleus collisions. The x? dependence of comover contributions

is introduced to account for the observed quarkonium suppression at low xp. Combin-

ing comover contributions, nuclear shadowing effect, energy loss mechanism and nuclear

absorption together we reproduce the overall xp dependence of E772/E789 data.

'Partly supported by the National Science Foundation of China
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Multipion Bose-Einstein correlation effects 1

Chao Wei-Qina'* 3 Gao Chong-shouaf 2 Zhang Qing-hui"

a CCAST(World Lab.). P.O.Box 8730, Beijing, 100080, China

b Inttitule of High Energy Phytict, Academia Sinica
P.O.Box 918(4), Beijing 1000S9, China3

c Physici Department, Peking Univertiiy, Beijing J00S71, China 3

A general derivation of multipion correlation function for both completely
chaotic and partially coherent sources is given. For a completely chaotic source the
effect of multipion Bose-Einstein correlation on the pion mean multiplicity, multi-
plicity distribution, single pion momentum spectrum and two pion interferometry
are studied.

The results show that due to the multipion correlation the probability with
higher multiplicity becomes higher and the mean multiplicity increases. At the
same time, the number of pious with lower momentum increases. The two pion
correlation function becomes wider, which corresponds to a smaller fitted source
radius, and the chaoticity of the source becomes lower.

After including energy conservation the multipion correlation effect on the
multiplicity is discussed again. It is shown that energy conservation changes the
behavior of multiplicity and leads to saturation of mean multiplicity at a very high
value due to the limited available energy. Therefore, pion laser could exist only if
the total available energy is very large.

'Work Partly Supported by the National Nature! Science Foundation
'Visiting researcher in Institute of Theorct. Phjtiet
3Mailing addrei f
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Experimental sideward flow vs QMD with realistic forces
in Au+Au collisions at 400 A.MeV

P. Dupieux, L.P.C. Cttrmont.FtrTand, INiPS/CNRS, 6S177 AUBIERE Cedix, FRANCE

The Au+Au data of the FOPI collaboration*1' hare
intensively been compared with the predictions of the
IQMDW model -with a paenomcnological potential sup-
plemented by a momentum dependant intenetion (MDI).
The best agreement with obscrvables like the nuclear Sow,
the nuclear •topping''' and the fragment production is
found in the case of an Hard equation of state (Kco=3S0
HeV), for incident energies per nndeon ranging from ISO
to 800 MeV.

Here (see also (•') we present a comparison of out
Ai+Au data at 400 MeV per nueleon with the QMDG<>>
model where both the N-N cross-sections and potential are
calculated microscopically in the medinm in the Brnedt-
ner G-matrix formalism (leading to the so-called "realistic
forces"). The goal is mainly to test our knowlegde of ret
ativistic heavy ion collisions at a really microscopic level
or, in other words, to go beyond the parametrisation of
in-medium effects (contained in the phenomenological po-
tential) of other models like IQMD.

Although this QMDQ model can help us to reach this
goal, it also imposes some restrictions. The rinwlatioa
must be stopped after 80 fin/c (not stable anymore af-
ter that time). At this time, only dynamical obserrables
like nuclear flow or stopping have reached their asymptotic
values : the fragments cannot be formed and it creates dif-
ficulties for the comparison with experiments.

One can overcome these difficulties in the following way:
• we always compare quantities weighted by the frag-

ment charge Z (for the experimental remits). For in-
stance, the mean transverse momentum in the reaction
plane (flow) is written as follow :

J ) >=

with y0 : reduced rapidity, f : traasrene momentum
per nudeon, a : weight (-l,0,+l)

9 the centrality criterion is also calculated from dynami-
cal quantities. We use the ratio called erat of the tiaamr-
sal to the longitudinal kinetic energy. Large erat values
select central collisions- '

• In Fig.l, we show the comparison for the nuclear stop-
ping (erat cross section) between the FOPI data, QMDG
(K.e=18J MeV) and IQMD calculations (IQMDSM -
K«,=200 MeV and MDI). The model* reproduce the data
down to e»t~0,3 (b=7fm). For more peripheral events,
trigger effects show np in the data-

in Fig.2, we compare the flow in semi-central collisions
(.43<erat<.58 - b~4fin) between the experiment, QMDG
and IQMDSM. No strong differences are seen. A closer
look indicates however that in more peripheral collisions
(lower density reached - high sensitivity to MDI) the MDI
is not strong enough is IQMDSM (and HM) to reprodnee
the data while the in-medium treatment in QMDG is more

appropriate. On the other hand, in more central collisions
where the compression effect* are larger, the QMDG model
tails to reproduce the data while IQMDHM is well matched
to the data <»'«>.

Figure 1: Nudeu itopping with the FOPI Au+Au 400 A.MeV
data, QMDQ and IQMDSM

Figure 2: Nuclear flow with the FOPI Au+Au 400 A.MeV
data, QMDG and IQMDSM in Kmi-central coUinoni

1) A.Gobbi et al., NIM A324 (19B3) 1SS
2) CHartnack, GSI Report 82-1J (1992) 176
J) T.Wienold, GSI Report 83-28 (1663)
4) V.RamilHen et al., Nnc. Phys. AS8T (1886) 802
5) JJaenieke et al., Nnc. Phys. A536 (1892) 201
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Study of pion-source size in ultrarelativistic
nuclear collisions by event generator URASiMA1

Yu-Ming ZHENG
CCAST(World Laboratory), P. 0. Box 8730,

Beijing 100080 and
China Institute of Atomic Energy, P. 0. Box 275(18),

Beijing 102413, China2

Osamu MIYAMURA and Kenji KUMAGAI
Department of Physics, Hiroshima University

Higashi-Hiroshima 724, Japan

One of the goals of nucleus-nucleus collisions at relativistic energies is to investigate
the properties of nuclear matter under the extreme condition and the possibility of phase
transition from hadronic phase to quark-gluon plasma (QGP). For identifying these one
should come from studying the particles that are emitted from the reaction region. Pion
interferometry is a good tool for measuring the size and lifetime of the emitting source,
from which one can obtain detailed information on the space-time evolution of the ex-
tended hadron source created in the reactions.

We have used the event generator URASiMA ( Ultra-Relativistic AA collision Sim-
ulator based on Multiple scattering Algorithm ), which is developed by us, to simulate
reactions of Pb -f- Pb at bombarding energy of 160 GeV/c per nucleon. The phase-space
coordinates of the emitted hadrons at the time they suffer their last strong interaction (
freeze-out ) are ge2<;rated and then used to calculate two pion correlation function and to
extract the size of the pion-emitting source by a gaussian fit. The calculated results are
comparable with NA44 data.

'Project supported in part by the National Natural Science Foundation of China and the Science
Foundation for Nuclear Industry, China

'Mailing address
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UNIFIED DYNAMICAL SIMULATION OF KAON AND PION
PRODUCTION IN HEAVY ION COLLISIONS

Chu Zili, Zheng Yuming, Vang Fei, Sa Benhao and Lu Zhongdao
(China Institute of Atonic Energy, Beijing 102413)

The RVUU model has been used to study dynamical processes of
both kaon and pion produced in' heavy ion collision, ffe include the
nuclear medium effect, on kaon and pion in the model, and simulate
pion production and kaon subthreshold production process in heavy
ion collision at 1 GeV/nucleon, The calculated results show that
the attractive pion optical potential changes final pion momentum
spectrum, increasing transverse momentum spectrum at the low
momentum. At same time it also apparently enhances kaon abundance
and modifies kaon momentum distribution. It illustrated that both
kaon and pion final state dynamic prcessses should be considered in
order to make reasonable comment on the signals in heavy ion
collision.
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ENHANCED DILEPTON PRODUCTION IN SULPHUR-NUCLEUS

COLLISIONS AT 200 GeV/NUCLEON

Itzhak Tserruya'

Department of Particle Physics, Weizmann Institute

Rehovot 76100, Israel

An enhanced production of dileptons - e+e~ or ft*?' pairs -, over those expected from
known hadronic sources, has been observed in S-induced interactions on heavy targets at 200
GeV/nucIeon, by the three experiments - CERES, HELIOS-3 and NA38 -, dedicated to the
measurement of dileptons at the CERN SPS. The excess covers a very broad invariant mass-
range from 200 MeV/c2 up to the J/if>. On the other hand there is no clear evidence of a
signal in the search for direct photons carried out by the CERES and the WA80 experiments.
All the experimental results seem to be fairly consistent. The properties of the low-mass
dilepton excess suggest that it originates from two-pion annihilation ir+ir~ —• Ft". Possible
interpretations invoking a phase transition into the quark-gluon plasma or using a decreasing
p-mesoa mass in hot and dense hadronic matter will be discussed.

'Work supported by the MINERVA Foundation, Munich, Germany and the German-Israeli Foundation for
Scientific Research and Development.
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DOUBLE A PRODUCTION IN THE yd -> pnn+*- REACTION.

J.A. Gomez Tejedor1, E. Oset1'2 and H. Toki2.

1. Depariamento de Fisica Tedrica and IFIC, Centro Mixto Universidad de
Valencia - CSIC} 46100 Burjassot (Valencia), Spain.

2. Department of Physics, Tokyo Metropolitan University. Minami - Ohsawa 1 -
1, Hachioji • shi, Tokyo 192 - OS

Processes involving necessarily two nucleons in nuclei are particularly rel-
evant and through them one expects to get insight into nuclear correlations,
together with the reaction mechanisms. In this respect the reaction yd —> AA
offers one such opportunity since necessarily the two nucleons in the deuteron
are involved and excited to A states. The recent measurement of this reaction
[1] offers a good opportunity to test these ideas, and this is the purpose of the
present work. . .

Our two body mechanisms for the process are constrained from the reaction
7P —> pn+TT~. Two body MEC are automatically generated by means of the
yN —> NTT+n~ reaction in one nucleon followed by the absorption of one of
the pions in the second nucleon.

A thorough study of the yp -> pir+ir~ reaction has been done in [2] and
reproduces fairly well the experimental cross sections and invariant mass dis-
tributions. From this model we choose the dominant diagrams in which the
final nN system comes from the decay of a A. The pion absorbed in the sec-
ond nucleon excites a A and thus we are led to the diagrams for the two A
excitation process.

Our results for the yd -¥ A+ +A~ reaction agree rather well with the data
in the low energy range, but in the highest measured point, the calculated
cross section is smaller than the experimental one [3].

In summary we have studied the reaction yd -»• A++A~ which is a gen-
uine two body process. The model reproduces fairly well the experimental
cross section at low energies but the results seem to be lower than experiment
at higher energies, although the experimental data show strong oscillations
there. The common features of the approach used here with current micro-
scopic approaches for photon absorption in nuclei gives extra support to these
approaches and also strengthens our confidence in the use of two body meson
exchange currents in other reactions.

References
[1] M. Asai et al., Z. Phys. A344 (1993) 335

[2] J.A. Gomez-Tejedor and E. Oset, Nucl. Phys. A571 (1994) 667

[3] J.A. Gomez-Tejedor, E. Oset and H. Toki, Phys. Lett. B346 (1995) 240.
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THE YN INTERACTION FROM HYPERON SCATTERING

J. K. Ahn\ B. Bassalleck1", M. S. Chung', W. M. Chung", H. En'yoc, T. Fukudae,
H. Funahashf, S. V Golovkinf, Y. Goto", A. Higashi", M. Ieiri8, M. Iinuina0, K. Imaic,
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A. Masaike', Y. Matsudac, S. Miharac, K. Okadaj, I. S. Park', Y. M. Parkk, I. P. Petoukhov1,
N. Saitoc, Y. M. Shin', K. S. Sim', R. Susukita0, R. Takashima1", F. Takeutchij, P. Tlusty",
S.Yamashitac, S. YokkaichT, M. Yoshidac (KEK PS-E251 & E289 collaboration)

' DcpL of Phys., Korea Univ., Seoul 136-701, Korea, * DepL of Phys., Univ. of New Mexico, N.M. 87131,
U.S.A., ' Dept. of Phys., Kyoto Univ., Kyoto 606, Japan, " DepL of Phys., Yonsei Univ., Seoul, Korea, °
INS, Univ. of Tokyo, Tanashi 188, Japan, ' Institute for High Energy Physics, 142284, Protvino, Moscow
region, Russia, • Phys. Dept., KEK, Tsukuba305, Japan, * Dept. of Phys., Pusan Univ., Pusan, Korea, '
Joint Institute for Nuclear Research, 141980, Dubna, Moscow region, Russia", ' DepL of Phys., Kyoto Sangyo
Univ., Kyoto 603, Japan, k DepL of Phys., Kyungsung Univ., Pusan 608-736, Korea, ' DepL of Phys., Univ.
of Saskatchewan, Canada S7N0W0, " Kyolo Univ. of Education, Kyoto 612, Japan, "Nuclear Physics
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Studies of the structure of baryons and the interactions between them are essential in
understanding QCD-inspired picture of strong interactions in nuclear physics. The
nucleon-nucleon (NN) interactions have been extensively studied both theoretically and
experimentally, but not much is known about the hyperon-nucleon (YN) interactions. While we
have seen a rapid theoretical progress, experimental investigations for the YN interactions have
fallen behind theory. There appear to emerge two distinct models of the baryon-baryon (BB)
interaction: one boson exchange potential (OBEP) model" and the quark cluster model (QCM)2).
In order to scrutinize these models and to further understand the BB interaction, one has to
extend his playground io the YN sector, since an additional degree of freedom of strangeness
and the Pauli principle on the quark level are expected to give an important aspect. In the BB
interaction, we don't have any good understanding for the short range pan and the l«s strength.
The precise YN and YY scattering data like NN scattering will play an essential role for the
understanding of those aspects.

Recently, a scintillating fiber detector has been developed at KEK-PS3, which is a triggerable
detector system and one can take a picture event by event unlike a bubble chamber. As a first
application of a scintillating fiber detector to YN scattering experiment, Z+p scattering was
carried out with the momentum range of incident E* between 300 and 800 MeV/c, somewhat
higher than the existing data*5, aiming to get the
total cross section. One example of Z*p
scattering events which we found in the course
Of eye-scanning is shown in Fig. 1. The
analysis is now being in progress. A preliminary
result and a experimental plan for YN scattering
experiments at KEK will be presented.

References
1) Th. A. Rijken etal., Nucl. Phys. A547

(1992) 245c; K. Holinde, ibid. 255c.
2) K. Yazaki, Perspectives of Meson Science

(Elsevier, 1992) 795.; C. Nakamoto et al.,
Phys. LetLB318 (1993) 587

^) J, K. Ahnetal., Nucl. Phys. A547 (1992)
211c.

4) F. Eiscle et al. Phys. Lett 37B (1971) 204.

Fig. 1 A digitized image of E+p elastic
scattering. A positive pion to prodeuce 5T
came from bottom in this view.
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MEASUREMENT OF K~p-MlA NEAR THRESHOLD
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The threshold forT| production in the reaction K p—>AT| is only about 5 MeV below the mass of the
Su[A*(1670)] resonance. While the cross section forrj production near threshold is large not only in
K~p but also for other channels (pp, 7p, and Ttp), very little data exists for this reaction. In the one
data set that does exist, a peak in the cross section appears near the A'(1670) resonance, but the data
points have uncertainties on the order of 25%. These data do not define the position of the peak and
are not of sufficient quality to make a good analysis of its shape. In fact, on the basis of the existing
data, a case for two peaks could be made, but was not considered in Ref. 1. Our current experiment,
E909, at the Brookhaven National Laboratory AGS, can determine the properties of the A*(167O)
resonance without any interference from other resonances: the £*(I66O) and E (1670) are excluded by
the'isospin selectivity of the Tj. The nearest resonance that might contribute to this reaction is the
Poi[A*(1600)], Which may be narrow and weak enough so that it has only a very small tail under the
A*(1670). Thus, with this small predicted background, the mass and width of the A*(1670) can be
determined in a manner which need not resort to the traditional partial-wave analysis approach.

In this experiment, we are measuring the total cross section and the angular distributions for r\
production from threshold at PK = 723 MeV/c to 760 MeV/c. The T| mesons are selected via the 27
decay mode using the. improved t\ spectrometer currently in operation at BNL. Quality data,
particularly angular distributions, are needed to understand the role of the A*(1670) in T) production.
These data also open the possibility to study the T|A interaction which is important in the field of
hypernuclear physics. In the construction of a One-Boson-Exchange potential for the AA interaction,
the T\ is the lightest single meson that can contribute, others are the o and the co. By studying the T|A
interaction one should be able to extract information concerning the strength of the TiAA coupling,
which is predicted by SU3 to be small, via the methods developed by Tiator tt aL to extract the nNN
coupling from the reaction n p —>• n, n. This experiment will also measure the t|A scattering length
which has not been determined owing to a lack of precise total cross-section data near threshold.

D D. Berley a c£, Phys. Rev. Lett. 15 (1965) 641.
2) L. Tiator, C. Bennhold, and S.S. Kamalov, Nucl. Phys. A580 (1994) 455.
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The reaction 7t p-»T|n allows the direct determination of the T|N S-wave scattering length ann. This
parameter is of renewed interest in nuclear physics for evaluating the large production of r\ mesons in
nucleons and nuclear targets. The value of anN can be extracted from the T|N-> r|N t-matrix upon
solving the coupled-channel system nN-»jtN, nN->T|N, and n,N-»T|N. The paucity of quality data for
the reaction rc~p-Min is reflected in the large span of values of a,,N quoted in the literature; in
particular the real part of a^N is unknown by a factor of four.13) This precludes making serious tests of
theoretical models and does not allow checking for the possibility of the existence of a new type of
hadronjc nuclear bound state - the T|-mesic nucleus. The magnitude of a^N is important because
Re^R^O.S fm would suggest a bound T)-nuclear system for mass numbers as small as A=3,1) while*
Re(aT,N)<30.2 fin permits bound states to occur only for nuclei with A>10. The former condition would
permit observation of the Ti-mesic nucleus in a reaction such as pd-»r| He. It is therefore imperative
to determine the magnitude of anN. This is the goal of our current measurement being performed at the
Brookhaven National Laboratory AGS. Eta production will be identified by detecting the 2y decay
mode of the T| and reconstructing the invariant mass of the reaction. The two photons will be detected
using a pair of Nal calorimeters. We extract a^N from precise, near threshold measurements of the
total cross section of the reaction n~p—>r|n. We will also measure the angular distribution of the cross
section. In addition to obtaining a^Nt high-quality 7t~p-»iin data provide a way of accessing the
r|NN-vertex. Little is known about the TiNN-vertex in contrast to the itNN-vertex. For example, the
nNft coupling constant is known to be pseudovecior and large, while the current interpretation of
recent photoproduction data speculates that the T|NN coupling may be relatively small and
pseudoscalar.}

» C Wilkin, Phys. Rev. C47 (1993) R938.
*)M. Arima et al., Nucl. Phys. A543 (1992) 613.
3>R.S. Bhalero and L.C. Liu, Phys. Rev. Lett. 54 (1985).
4>L. Tiator, C. Bennhold, S.S. Kamalov, Nucl. Phys. A580 (1994) 455.
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A STUDY OF THE N(TT, 2TT)N REACTION IN CHIRAL
PERTURBATION THEORY

J. Zhang and N. Mobed ,
Department of Physics, University of Regina

Regina, Saskatchewan, S4S 0A2, Canada

The present work involves an evaluation of the near threshold pion production ampli-
tudes within the framework of chiral perturbation theory at the one-loop level. The effec-
tive chiral Lagrangian involving the Goldstone bosons and nucleons is constructed using the
general theory of non-linear realization of chiral symmetry. The loop level calculations are
necessary for a perturbative restoration of the unitarity of the S-matrix. The significance
of the loop level calculations- has already been demonstrated in the purely mesonic sector
of the Lagrangian. Calculations are performed within the framework of the Heavy Baryon
Chiral Perturbation Theory (HBxPT). The formalism allows (in principle) for a systematic
expansion of the meson-baryon Lagrangian in powers of energy. Furthermore, in contrast
with standard approaches for strong coupling vertices, the successive loop level calculations
in HBxPT are (at least formally) expected to form a converging series. The actual rate
of convergence, however, is yet to be investigated. There are two reasons for studying the
reaction in the threshold region. First, energies involved are small and therefore the loop
expansion is expected to converge rapidly. Second, near the threshold the contribution from
resonances are expected to be small. |

In this work, we derive the formalism for the TT/V processes from the genera! HBxPT
and use the formalism to calculate 'the total cross-section for the process nN —* 2 * ^ at
the one-loop level. Finally we discuss the information about TTJT scattering that could be
obtained from the N(ir,2n)N reaction.
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The N - A WEAK AXIAL-VECTOR
AMPLITUDE

Milton D. Slaughter*
Department of Physics

University of New Orleans
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The weak N — A axial-vector transition amplitude (A| A^ \N)—important
in N' production processes in general and in isobar models describing u^N —*
fiA processes in particular'—is examined using a broken symmetry algebraic
approach to QCD which involves the realization of chiral current algebras3.
We calculate the form factor C^?2) and compare our results with experiment
and other theoretical models.
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ON THE POSSIBLE EXISTENCE OP A irNN-RESONANCE AT 2.06 G e V

H. Clement*, R. Bilger', W. Brodowski1, K. Fohl', G. Kurz*. M. Schepkin+, G. J. Wagner'
for the LEPS and WASA/PROMICE collaborations
1 Physikalisch.es Institut der Universitat Tubingen, Auf der Morgenstelle 14, D-72076
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Although the substructure of the nucleon is expected to lead to nontrivial, i.e. non-
nucleonic resonances in the B=2 system, no unambiguous evidence for their existence has
been found so far, despite a number of dedicated experiments. However, most of these
searches aimed at NN-coupled resonances, the fall-apart decay of which is expected to
result in huge widths making them practically indistinguishable from non-resonant pro-
cesses. Recently a candidate for a narrow NN-decoupled resonance has been discovered1 in
1 he pionic double charge exchange (DCX) on nuclei, a reaction which specifically focuses
onto the irNN system at small distances. All presently available DCX-data are consistent
with the assumption of a TrNN-resonance, called df, with /(J") = even(0~), M = 2.06 GeV
and T*NN = 0.5 MeV. Fig. 1 shows the energy dependence of DCX-reactions on 40Ca and
4He as examples. In case of 4He the 4N final state continuum is Pauli-blpcked. This
blocking is absent if d! is produced2. A necessary improvement of the data base on 4He is
expected from a DCX experiment on the way at TRIUMF. To check the existence of d!
independently we have proposed to measure the reaction pp —» n+d' —> ir+ ppir~ at CEL-
SIUS, and COSY. A previous experiment3 at ITEP already has led to very encouraging
results. First data have been taken at CELSIUS. A further independent search for the d!
via the 7-fd—>7r°-fn + p reaction will be undertaken at MAMI. The current status of
these searches will be reported.

1) R. Bilger et al., Z. Phys. A343, 491 (1992), Phys. Rev. Lett. 71, 42 (1993) and 72,
2972 (1994)

2)H'. Cjement et al. Phys. Lett. B337, 43 (1994)
3) L. Vorobyev et al., JETP Lett. 59, 77 (1994)
' supported by the HMFT under contract 06 TU 656

300

Fig. 1: Energy dependence of DCX cross sections. Left: Measurements on 4f)Ca with LEPS;
right: a compilation of available data on 4He. Dashed curves show conventional calculations,
solid curves the effect of d'. For 4He the influence of different choices for the 4He wave function
an: lihown.
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PION ABSORPTION STUDIES WITH LADS

A. Lehmann, G. Backenstoss, J. Kohler, M. Kroedel, H.J. Weyer, M. Wildi (Inslititt
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U. Sennhauser (Paul Scherrer Institut, Villigen, Switzerland); D. Androic, D. Bosnar, M.
Puric, T. Petkovic (University of Zagreb, Zagreb, Croatia)

Pion absorption by nucleons is a fundamental reaction of the strong interaction. In re-
cent years several experiments (for recent reviews see [1,2]) have provided strong evidence
for the existence of multi-nucleon (>2N) absorption mechanisms in addition to the well
established quasifree two-nucleon process (QFA). It is still an important open question
how much of the multi-nucleon absorption strength arises from two-step processes like
ISI+QEA or QFA+FSI (ISI: Initial State Interaction, FSI: Final State Interaction) and
how much of the cross section can be attributed to genuine multi-nucleon dynamics.

The Large Acceptance Detector System (LADS) was built at PSI to investigate these
multi-nucleon final states in the energy region of the A-resonance. Its large solid angle
coverage (w 98% of 4?r) and low detection threshold (T{,*r < 20 MeV) make a big fraction
of phase space accessible. With this coverage, an energy resolution of fa 3%, and an
angular resolution of « 1° FWHM for charged particles, an unambiguous reconstruction
of each event is possible.

The analysis presented focuses on integral and differential investigations:
The total cross sections of ir+ absorption for the nuclei 2H, 3He, 4He, N, Ar and Xe

were accurately measured and, in case of 3He and 4He, decomposed into QFA and multi-
nucleon strength. In 3He we find an energy dependent three-nucleon (3NA) contribution
to the total cross section of 22%, 29% and 30% at T* = 118, 162 and 239 MeV, respec-
tively.

Our differential analysis shows the first strong evidence that a significant fraction of
3NA on 3He is attributable to ISI. Nevertheless, a substantial amount of the 3NA cross
section remains unexplained by simple incoherent multi-step models, but appears rather
to be due to a genuine multi-nucleon dynamics in pion absorption. Furthermore, a similar
behavior is observed in the 3NA channel of 'tH<:.

References:
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DETERMINATION OF vN S-WAVE SCATTERING LENGTHS FROM
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3P-1S transitions of pionic hydrogen and deuterium were measured with a reflecting
crystal spectrometer having an instrumental energy resolution of about 0.7 eV at the
energy of 3 keV. n~ beam was injected into cyclotron trap, a device to increase ir~
stop rate, with cryogenic gaseous hydrogen or deuterium target in the center. The X-
rays from the pionic hydrogen and deuterium were Bragg reflected onto CCD detectors
(Charge Coupled Devices) by an array of cylindrically bent quartz(HO) crystals. Argon
/<•„! was measured as calibration line; v~Be(4f — 3d) transition was used to deduce the
instrumental resolution because of its negligible natural line width.

The strong energy shift eis and broadening Pis of the ground state in ir~p and r~d
atoms were preliminary measured to be(the widths were measured for the first time):

e*sv = -7.09 ± 0.06 eV(attractive), Pis" = 0.97 ± 0,15 eV;
e*-' = +2.47 ±0.10 eV (repulsive), T ^ = 1.02 ±0.21 eV.

Providing the conservation of isospin symmetry, the nN s-wave scattering lengths
were then deduced' from e1s

p and Tls
r to be:

bo - &i = (2a, + a3)/3 = 0.0873 ± 0.0007 m;1,
6i = (a3 ai)/3 = -0.096 ± 0.008 m?;

eTi;d and r ^ yield

0,-j = -0.0259 ± 0.0011 + i(0.0054 ± 0.0011) m~\

The above results are based on 1993 data. In 1994 we have collected 2.5 times more
events with a factor of two better signal to background ratio of Kp transition in pionic
hydrogen, from which the new results with smaller errors on xN s-wave scattering lengths
are soon expected.
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PION-NUCLEON SCATTERING AND THE NATURE OF BARYON
RESONANCES

C. Schutz, J.W. Durso l , K. Holinde, M. B. Johnson 2 , B.C. Pearce 3 , and J. Speth

Forschungszentrwn Jilich GmbH, 52^25 Julich, Germany

The interaction between a pion and a nucleon plays an outstanding role in low- and
medium-energy physics, not only as a prominent example of a hadronic interaction but
also as an ingredient in many other hadronic processes. The work presented here is based
on our recently developed meson-exchange model for this reaction [1]. This interaction
model contains conventional (direct and exchange) pole diagrams involving the nucleon
and the A isobar. As a new feature, the, to a large extent fictitious, a meson and zero-
width /j-meson exchange used in most previous attempts are replaced by potentials for
the correlated exchange of two pions which are calculated within a microscopic model.
Our interaction is unitarized by means of the relativistic Schrodinger equation thus ienor-
malizing the direct pole contributions and giving the A isobar a width determined by
the dynamics of our interaction. With a reduced number of free parameters our model
accounts for the scattering data in the elastic region, low energy parameters, and the ~A'
S-term.

A microscopic model of TTJV scattering is definitely needed, especially for investigating
the spectrum of the nucleon excited states, because most of these data are derived from xN
scattering. Here the interesting question is whether the experimentally observed baryon
resonances really contain a genuine three-quark excited state' contribution or whether
thej1 can be understood purely in terms of the underlying meson-baryon dynamics. In the
case of the A isobar a direct pole diagram needs to be included in our model. However,
we find that the non-pole part of the interaction (in this partial wave especially nucleon
exchange) plays a crucial role for the quantitative understanding of the P33 partial wave
of ITN scattering accounting for about 40 % of the A width. On the other hand, the rise
of the P\\ phase shift in the elastic region of -A' scattering, i.e. the left shoulder of the
empirical Roper resonance, is generated by the very strong attraction due to correlated
2r exchange in the p channel, and is thus obtained without any use of a genuine iV". In
order to improve our miroscopic understanding of the Roper resonance, we investigate the
effect of coupling to the reaction channels oN and rA.

We discuss the interplay between genuine poles and resonance behavior due to the
meson-baryon dynamics and indicate other cases where these effects turn out to be im-
portant.

[1] C. Schiltz, J.W. Purso, K. llolinde, and J. Speth, Phys Rev. C 49 (1991) 2671,
C. Schutz, J.W. Durso. K. llolinde, B.C. Pearce, and J. Speth, Phys Rev. C 51
(1995), in print.

'Permanent address; Dq.t. of Physics. Mount Holyoke Cc".'g.-, MA OMTfi-Mfil. ''SA
''Permanent address; Los Alamos National Laboratory. !.•<* Alamos, NM 875-15
"'Permanent address; Dcpt. of Physics and Math. Physics, Tin" University ot Adelaide,

Adelaide 5005, Australia
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E.Cisbani1, S.Frullani1, F.Garibaldi1, MJodice1, G.M.Urciucli1, R.De Leo2, E.Nappi2,
T.Scognetti2, R.Perrino3, A .Leone3, C.G.Chang4, P.Markowitz4, O.K.Baker5

1 INFN-Sanita and ISS, Viale Regina Elena, 299 - 00161 - Rome, Italy
2 INFN-Bari, Via Amendola, 173 - 70126 - Ban, Italy
3 INFN-Lecce, Via per Arnesano - Lecce - Italy
4 University of Maryland, College Park, Maryland, US
5 Hampton University, Hampton, Virginia, US

With the construction of high energy, high quality, high duty factor and high intensity
electron beam facility, like CEB AF, it becomes possible to start a new research program on
reactions of electroproduction of strangeness. In particular our group is interested in the
associate electroproduction of kaons and hyperons on nucleons via the study of the
exclusive reactions p(e,e'k)A (£). Such a program can be developped at CEBAF, where
an electron beam continuous working up to 6 GeV, will become available in the next years.

The current experimental knowledge of the electromagnetic production of kaons is
unsatisfactory, no systematic separation of different contributions has been attempted.

There are also theoretical problems in understanding the electroproduction process. In the
low energy region various semiphenomenological descriptions in terms of mesons and
baryons have been used. Many models, sometimes with a large number of parameters,
mainly based on hadron dynamic (QHD) formalism, have attempted to explain the existing
data (a review is reported in 0), but a wider kinematical region has to be accessed in order
to constrain the models and their parameters, such as the important g^^p coupling constant.

In the high energy region, doe to the lack of data, attempts to investigate the problem of
electromagnetic production of strangeness on a subnucleon (quark) level are at the very
beginning. Only recently calculations have been developped, based on hard scattering
models 2) and on diquark mechanism 3).
In the kinematical region accessible at CEBAF, the transition from a "traditional" nuclear

physics to a regime in which the theoretical approach based on more fundamental
description of the elementary process, can be explored.

An important subject which can be also addressed is the determination of the
electromagnetic form factor of the kaon 4), being accessible at CEBAF up to Q 2 = 3.0
GeV2 from the measurements, for a given Q2, of the separated longitudinal cross section
as a function of the Mandelstam variable t.

References
1) J.Adam, J.Mares, O.Richter, M.Sotona,S.Frullani, Czech.Journ.Phys. 42(1992)1167
2) G.R.Farrar, K.Huleihel, H.Zhang, Nucl.Phys. B349 (1991) 655 .
3) M.Schusrmann, Thesis, Wuppertal University (1992)
4) C.G.Chang, P.Markowitz, S.Frullani, M.Iodice, O.K.Baker, CEBAF Experimental

proposal 94-108 (1994)
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KAON PRODUCTION IN NUCLEUS-NUCLEUS COLLISIONS
AT 92 MEV PER NUCLEON
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In a previous experiment (1), we have demonstrated that kaons can be produced and
detected in sizeable quantities in collisions of MAr ions on a MTi target at 92 MeV/n. The
experimental procedure was based on the detection of the delayed monoenergetic muon
coming from tho weak decay of a stopped kaon. Using a new range telescope which combines
low background to accept large beam intensities and segmented hodpscopes to check the
muon trajectories, a new experiment has been performed. A 92 MeV/n 36Ar beam was used to
bombard three targets ( C, l8ITa). The off-line analysis to select kaon requires.

- delayed particles emitted long after (15 ns) the beam arrival on the target.
- measured energy losses and range compatible with 152.9 MeV muons.
- correct reconstruction of the trajectories and only one hit per detection plane.

The selection of the events has been checked and the overall detection efficiency has been
calculated using the GEANT code. The decay time spectra obtained after the energy losses and
range selection are shown on the figure 1 where the straight line is the kaon decay.

(12.4 ns)

20 30 40 20 30 40
TO ( ns )

Figure 1

500 1000 1500 2000 2500 3000

available energy ( McV )
Figure 2

Assuming an isotropic emission, the total cross sections for kaon production are:

= 75±60pb a nnt|; =525 ±300 pb à|giTa =2900 ± 1600 pb

The value for the titanum target is larger than that obtained in the first experiment (1) but
remains in agreement with the universal curve given in (2) deduced from higher energy data for
various particle production. A large variation of the cross section is observed for the different
targets and this variation appears to be more related to the available energy than to the mean
number of participant nucléons. On figure 2, the probability of kaon production per participant
nucléon is given and compared with the variation of the two body phase space, the agreement
is rather good.

(1) J. Julien et al., Phys. Lett. B 264 (1991) 269
(2) V. Metag, Prog. Part. Nucl, Phys. vol. 30 (1993) 75.
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MESON EXCHANGE FOR PROBING IN-MEDIUM EFFECTS
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Bogoliubov Laboratory of Theoretical Physics Department, Joint Institute for Nuclear Research,
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Due to the absence of a QCD rigorous solution in terms of explicit quark-gluon dynamic and
towards a realistic description of the low and medium energy strong interaction phenomena we use
the baryons and mesons as the proper variables and, in the same time, the collective degree of
freedom of QCD, to construct and suggest to use a reJativistic K+N potential on the some
guidelines of the Bonn potentials [1]. This potential is proposed in view of the more theoretical
work neede to study the in-medium effects in K+A scattering to account for the missing theoretical
cross sections[2].

We chose to describe the dynamics of the K+N interaction in the low energy range (< 1 GeV/c)
with a one-boson-exchange (OBE) model for several reasons. This model is consistent with our
beliveve that the contributions from higher order kernels are minimized by the nature of K+N
interaction. In addition, the dynamics can be extended mainly by a(0+,0), p(l",l) and co(l",0)
mesons(where the vertics KKa, KKp, KK(u are included) and the relativistic potential is
constructed in the Oirac space and used as input in the calculations of the cross sections.

Towards a reasonable description of the data (see e.g. [3]) a more additional repulsion then
obtained with the co-meson exchange based on the symmetry valuer was required. But the need to
blow up the co-NN coupling constant to account for the aditional repulsion, obviously required by
the data, indicates that the (o-meson must carry a load for which it is not prepared. Alternatively, it
is proposed a phenomenological repulsive ov meson of much shorter range and higher mass.

The model will be applied for the K+1*C scattering in the energy region(<I GeV/c). Our
principal motivation for such a study is to open up the possibility for a well defined discussion of
the medium effects in such soft intermediate energy K+A interactions.

References
1) R. Machleidt, K. Holindeand Ch. Elster, Phys. Rep. 149(1987)1
2) P.B. Siegel, W.B, Kaufmann and W.R. Gibbs, Phys. Rev. C31(1985)2184
3) R. Buttgen, K. Hohnde, A. Muller-Groeling, J. Speth and P. Wybomy,

Nucl. Phys. A506( 1990)586



2-14

SPIN, FLAVOUR AND ELECTROMAGNETIC PROPERTIES OF
THE NUCLEON IN THE MESON CLOUD MODEL

H. Holtmann, A. Szczurek 1, J. Speth
Fonckungszentrvm Julick GmbH, 58425 Julich, Germany

The experimental measured violation of the Gottfried Sum Rule is one of the intriguing

problems in the last years. It was suggested that this violation can be traced back to the

presence of mesonic degrees of freedom in the nuclear wave function. To quantify those

ideas, we discuss various aspects of the Meson Cloud Model (MCM) of the nucleon in the

framework of the convolution formalism. The model is applied to both unpolarized and

polarized deep inelastic scattering of leptons. We include pseudoscalar and vector mesons

as well as octet and decuplet baryons, which are all particles important for the decrip-

tion of low-energy proton-proton scattering. Our present approach ensures charge and

momentum conservation by construction. We comment on equivalence of pseudoscalar

and pseudovector couplings. In order to obtain quantitative results we have to fix the

radii of the higher Fock states of the nucleon, describing a nucleonic core surrounded by a

meson. The radii are determined from high-energy pp —* nX, pp —• AX and pp —* A+ +X

production data. We find a universal radius for al) states involving octet baryons. This in-

formation allows to calculate the flavour and spin content of the nu> leon in the framework

of MCM with pseudoscalar and vector mesons included. Using this information we were

able to reproduce the Gottfried Sum Rule. The presence of the mesonic cloud influences

also the polarized structure of the nucleon, because the mesons can carry orbital (and

intrinsic) angular momentum. Starting with a naive model, where the quark structure

of the nucleon is described by a SU(f>) wave function, a large reduction of the Ellis-Jaffe

Sum Rule towards the experimental result is achieved. Furthermore, the semi-leptonic

decay properties and the Bjorken Sum Rule can Oi described well.

An important fact to clarify is from which region of (Bjorken-)z the observed u-d

asymmetry comes from. A new Drell-Yan result from the NA51-collaboration at CERN,

measuring the.i(x)/d(x) ratio, indicates that this asymmetry is placed at rather large x.

Extending our model to include the ar-dependance of the quark distribution functions, it

places the u(x) — d(x) asymmetry at large-x, and that it can decribe the new NA51 data

without introducing any new parameters.

Our model can also be used to calculate mesonic corrections of the electromagnetic

properties of the nucleon, like electric and magnetic form factors and the magnetic mo-

ments. In this framework the Q2 dependence of the neutron electric form factor G^,

vanishing in naive models, can be described well.

'Institut of Nuclear Physics, Krakow, Poland



2-15
RELATIVISTIC DEUTERON WAVE FUNCTION AND MESON

EXCHANGE CURRENTS
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The covariant light-front wave function of the deuteron is determined by six com-
ponents instead of two (S- and D-waves) in the non-relativistic limit. The relativistic
counterpart of the non-relativistic continuous spectrum np wave function in 1So state is
determined by two components instead of one at small q. All the components for the
deuteron and the scattering state wave functions are calculated numerically1'2). It was
found1) that one of the components of the deuteron wave function (so called fs) dominates
rather early, at q > 500 MeV/c, over other components, including S- and D-waves. The
same was found for the extra component g2 of the scattering state wave function2'. These
extra components in the relativistic wave functions should be observed experimentally.

The decomposition of the light-front deuteron electromagnetic vertex in independent
spin structures contains 11 form factors instead of three physical ones. Eight of these
form factors are unphysical. They appear because of the dependence of the vertex on
the position of the light front. Explicit formulas have been given in ref.3). They allow
to extract three physical form factors. Analogous formulas are obtained also for spin 1/2
system3^ (e.g., nucleon) and for the deuteron electrodisintegration amplitude4'4).

In leading 1/m order we have determined 5) the deuteron electrodisintegration ampli-
tude incorporating the dominant extra components /» and gj. Substituting for /s and
<ft their analytical expressions calculated in leading 1/m order for pseudo scalar xNN
coupling we reproduce the contribution of the meson exchange current for the pion pair
term of the standard approach, except for the coefficient which is smaller by a factor of
two. However, one has also to take into account the contact NNr^ interaction which
appears in the light front formalism. We found that it gives the same contribution as the
extra components. Therefore, the sum of these two contributions exactly coincide with
the pion pair term. This means that well known contributions to meson-exchange currents
manifest themselves as first order terms in a 1/m expansion of our exact formulas.

The influence of the extra components on the deuteron form factors is found to be
significant. More advanced calculations are in progress.
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MESON-MESON SCATTERING AND THE NATURE OF THE SCALAR
MESONS
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The simple quark model has been a quite sucessful concept in order to obtain a the-
oretical understanding of the experimentally observed low-lying pseudoscalar, vector and
tensor mesons. However, several questions still remain to be answered for the scalar
mesons, most of them being related to the nature of the /o(975) and ao(980). To under-
stand the origin of these mesons is not only interesting by itself but is also quite important
from a more general point of view, e.g. to discriminate between quark model predictions
and dynamical calculations.

We investigate the structure of /o(975) and QO(980) within realistic meson-exchange
models of the ?rx and nt) interactions. Starting from a modified version of the Julich
model for rw scattering [l] we perform an analysis of the pole structure of the resulting
scattering amplitude and find, in contrast to existing models [2,3], a somewhat large mass
for the /o(975) (m/o = 1015 MeV, r / o = 30 MeV) which has a KK bound state structure
in our model. It is shown that our calculation provides a description of J/ip —* <j>icir/<f)KK
data comparable in quality with those of alternative models. This data, being regarded
as a important discriminant between different /Q(975) models [2], thus do not disfavor a
KK bound state structure.

In a second step, the formalism developed for the xn system is consistently extended
to the nt) interaction leading to a description of the ao(980) as a dynamically generated
threshold effect (which is therefore neither a conventional qq state nor a KK bound state
(4)). Exploring the corresponding pole position the ao(980) is found to be rather broad
(mao ~ 990 MeV, r a o .~ 200 MeV^The experimentally observed smaller width results
from the influence of the nearby KK threshold on this pole.

[1] D. Lohse, J. W. Durso, K. Holinde, and J. Speth, NucLPhys. A516, 513 (1990).
[2] D. Morgan and M. R. Pennington, Phys. Rev. D 48, 1185 (1993).
[3] B. S. Zou and D. V. Bugg, Phys. Rev. D 48, R3948 (1993).
[4] J. Weinstein and N. Isgur, Phys. Rev. D 41, 2236 (1990).
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At present, (see,e.g., [1]) the discrepancy between the experimental [2] and theoretical ratio R =
o(K+'2cy6a(K+d) obtained in the old optical model calculation is widely discussed [3]. It has
been interpreted as an indication of partial deconfinement or swelling of nucleons in nuclei [1]. The
possibility to obtain some signal of in-medium effect in kaon-nucleus interaction is very impressive
because until now we have such information only from scattering with high momentum transfers.

To obtain more realistic values that can be responsible for the effect of the nuclear medium, we
have performed calculations in the framwork of Clauber theory. As an input for kaon amplitudes,
we have used the results of partial wave analysis and dispersion relation calculations. For the wave
functions of carbon we have used harmonic-oscillator wave functions and the symmetrized Fermi
function with parameters describing electron scattering data. To verify our approach, we have
calculated total cross sections of K'-carbon interactions where, as expected, the theory agrees with
data. Then we have'calculated the above mentioned ratio R for K+ projectile. The results show that
a more refined theory, on the other hane, is suitable for K'-meson but has led, on the other hand, to
the disagreement with data for K+. This should be taken seriously into account.

Different attempts[l] to obtain new nontrivial information from that disagreement, concerning the
properties of nucleons in nuclear matter will be discussed.
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The Mainz Microtron, MAMI, provides an electron beam of 855 MeV maximum
energy with a duty factor of 100%. This opens possibilities to perform coincidence
experiments of high quality. Energy tagged bremsstrahlung photons (Glasgow tag-
ger) of up to 800 MeV have been used to measure a variety of real-photon-induced
reactions with a set of state of the art detectors. Results will be presented from
Compton scattering, total photon absorption, meson photoproduction, investiga-
tions of reaction mechanisms etc.
An outlook on future activities will be given.
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Recent experiments on Compton scattering by nucleons and nuclei carried out at the high duty-
factor electron accelerators MAMI (Mainz) and MAX (Lund) using tagged photons have led to a sizable
amount of new data for the proton and for the nuclei 3H,4He,l3C,l6O and 308Pb. For the proton, new
data obtained in the energy-range of the A resonance show that the Mf photomeson amplitude [1] has
to be rescaled by a factor 0.97. The nucleus 3H is the only one where calculations starting fiom first
principles have been carried out, including the effects of meson exchange currents and effects of the
internal structure of the nucleon. We discuss how elastic and inelastic photon scattering by the neution
may be used to determine the electric and magnetic polariiabilities of the neutron [2]. In case of nuclei
with A> 4, meson exchanges enter into the scattering amplitude (i) via the enhancement of the photo-
absorption strength in the giant resonances, (ii) the two-body part of the seagull amplitude, (iii) the
quasideuteron excitation and (iv) via mr-son exchanges following nucleon excitation. In addition, the
excitation of nuclear and nucleon-internal degrees of fieedom ate of importance [3, 4]. Due to differences
in size of the nucleus and in the number of nudeons involved in the scattering process, the A >4 nuclei are
sensitive to these properties at a different amount, and for different photon energies and scattering angles.
This makes it possible to disentangle the different pieces of information by varying these three parameters.
Compton scattering by 4He,13C and 16O at energies below meson threshold have been evaluated in terms
of the polarizabilities of the bound nucleon. The data obtained for 4He show a sizable change of the
electromagnetic polarizabilities of the nudeons due to binding whereas the data for 12C and 16O are in
close agreement with the free-nucleon values. We discuss the possible effects of swelling of the bound
nucleon, of a modification of recoil-diamagnetism and of two-body effects contained in the mesonic seagull
amplitude on the change of the electromagnetic polarizabilities. For 3OaPb and its neighbours we use the
experimental enhancement constant of stiength contained in the giant-dipole resonance to determine the
effective mass m" of nttcieons in a nucleus and discuss its relation to T-meson and p-meson exchanges
[3, 5].
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NUCLEAR SCHWINGER-DYSON FORMALISM
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Akira Hasegawa. Tomohiro Mitsumori, Masaru Muraki. Kazuhiro Koide and Hiroaki Kouno

Saga University, Saga 840, Japan

and

Masahiro Nakano

University of Occupational and Environmental Health, Kitakyushu 807, Japan

Nuclear Schwlnger-Dyson (NSD) method developed in recent papers[l-3] has many applications.

Here we have reported the numerical results on the nuclear potentials and mean fee path. The NSD is one of

the non-perturbative methods and it includes higher order contributions than those of the traditional methods

such as Hartree or Hartree-Fock. Therefore we are able to investigate the importance of the higher order

effects on the mean free path and nuclear optical potentials.

From the study of the saturation property of nuclear matter under bare-vertex Nuclear Schwinjer-Dyson

method in the o-co model, we have determined parameters which are different from those of Hartree and

Hartree-Fbck methods. Using these parameters, we calculated single nucleon potentials nearly above the

Fermi surface and energy-dependence of the nucleon mean free path in nuclear matter, and compared them with

experimental data. Good agreements with data are obtained on single nucleon potential nearly above the Fermi

surface and also on the nucleon mean free path as shown in the figures. Therefore we have confirmed that the

NSD method can explain at the same time both the saturation properties and optical potentials for nucleon

scattering.
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ONE-LOOP IN CHIRAL PERTURBATION THEORY •
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In the meson exchange picture, non-electromagnetjc charge symmetry breaking (CSB) in
few-baryon systems is- dominated by isoscalar-isovector meson mixing, and a reasonable
description of CSB observables can be obtained by assuming that the mixing strength
for p — u and x — IJ mixing are ^'-independent1. Recent work has raised the possibility
that this assumption is incorrect3. In this paper I clarify some of the issues surrounding
these questions in the pseudoscalar sector, where chiral perturbation theory (ChPT) to
one-loop order provides formal.constraints against which model calculations and other
approximate methods, such as those of QCD sum rules, can be compared. I compute the
*s - *« propagator matrix, A(«3), and the mixed axial correlator, n ^ = (0|T(Aji4j)]0), to
one-loop order and, writing

demonstrate that (1) although the isospin-breaking parameter, 8p(q2), occuring in the off-
diagonal element of A(?) may be obtained from that occuring in njJJ, namely 0J»K(JJ), at
leading order in the chiral expansion (where both, however, are ^'-independent), this is no
longer possible at next-to-leading order (contrary to a recent claim - see Chan, Meissner
and Henley in Ref. 2 - in which the mixed axial correlator, evaluated using QCD sum
rules, is used to extract 6p(qi)), (2) the slope with j 2 of the mixed axial correlator is
rather large fmore than an order of magnitude greater than that obtained using the
QCD sum rules method) and (3) isoscalar-isovector mixing naturally involves both qi-
independent and j'-dependent contributions to the residue of the off-diagonal element
of the propagator. I demonstrate that the error in the sum rule result for the slope of
the g'-dependence is due to the incorrect chiral behavior of the sum rules result, which
indicates that the truncations used in the sum rules treatment must be studied with more
care before the method can be reliably applied to the question of the ^-dependence of
mixing in any sector. Implications for p-u mixing will also be discussed, in the context
of these results.

REFERENCES
1. See, e.g., G. A. Miller, B. M. K. Nefkens and I. Slaus, Phys. Rep. 194 (1990) 1
2. T. Goldman, J. A. Henderson and A. W. Thomas, Few-Body Systems 12 (1992) 123;
K. Maltman, Phys. Lett. B313 (1993) 203; G. Krein, A. W. Thomas, and A. G. Williams,
Phys. Lett. B317 (1993) 293; J. Piekarewicz and A. G. Williams, Phys. Rev. C47 (1993)
R2461; J. Piekarewicz, Phys. Rev. C48 (1993) 1555; K. Maltman and T. Goldman, Nucl.
Phys. A572 (1994) 682; T. Hatsuda, E. M. Henley, T. Meissner and G. Krein, Phys. Rev.
C49 (1994) 452; C. -T. Chan, E. M. Henley and T. Meissner, ax~n Mixing from QCD Sum
Rules\ Univ. Washington preprint, 1994; K. L. Mitchell, P. C. Tandy, C. D. Roberts and
R. T. Cahill, Phys. Lett. B335 (1994) 282; H. B. O'Connell, B. C. Pearce, A. W. Thomas
and A. G. Williams, Phys. Lett. B336 (1994) 1
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DETERMINATION OF THE COUPLING CONSTANT AT
RHO-PI-GAMMA VERTEX

ll-Tong Cheon
(Department of Physics, Yonsei University, Seoul 120-749)

So far, signs of coupling constants have never been concerned, .because they usually
appear in physical quantities in their square forms. However, the situation is not always
like that In the case of large interference between two Feynman diagrams, the signs of
coupling constants play important roles. Here, we consider the vertices of PUT and UJIY
which are relevant to anomaly. And we also propose some experiments to confirm the
signs of constants, gm and go**.
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MOLTIPARTICLE PRODUCTION IR NEUTRINO-EMULSION COLLISIONS

Liu Fuhu and Sun Junfen*
( Institute of High Energy Physics, Beijing 100039, China )

*( Hunan Education Institute, Changsha 410012, China )

Using nuclear emulsion as target and detector, we analysed
the specific properties of secondary particles produced in
collisions of neutrino with emulsion in the energy range from 3
to 210 GeV, and compared the results with those obtained for
pion-emulsion and proton-emulsion collisions [1,2].

The probability of low Nh events is greater than for high Nh
events ( Nh is the multiplicity of target fragments ). The
distribution curve decreases monotonically with Nh. The mean
value of Nh ( <Nh> ) is 4.48+-0.29. The distributive law of Nh is
similar to those obtained for pion-emulsion collisions at 60 and
200 GeV, and for proton-emulsion collisions in the energy range
from 25 to 300 GeV. The value of <Nh> increases with the mass of
primary particle. The maximum probable value of Ns is about 5
( Ns is the multiplicity of shower particles ). The number of
events with Ns>5 is greater than events with Ns<5. The mean value
of Ns ( <Ns> ) is 5.51+-0.14. The distributive law of Ns is
similar to those obtained for pion-emulsion collisions at 60 and
200 GeV, and for proton-emulsion collisions at 6.7, 200 and 300
GeV. The maximum probable value of Ns and the value of <Ns>
increase with the mass of primary particle.

The value of <Ns> increases with- the value of Nh. An
approximate linear correlation is observed between <Ns> and Nh.
The similar linear correlation is also observed in proton-
emulsion collisions at 6.2, 21.5, 69, 200 and 300 GeV, and the
slope of correlation line increases with incident energy (E). We
compare these slopes with that in neutrino-emulsion collisions at
43.5 GeV ( mean value of E ). We see that the slope in neutrino-
emulsion collisions at 43.5 GeV is between the slopes in proton-
emulsion collisions at 21.5 and 69 GeV. It shows that the slope
of <Ns>-Nh correlation line is mainly decided by the incident
energy. In neutrino-emulsion and proton-emulsion collisions, the
value of <Ns> increases with E, and the value of <Nh> doesn't
depend on E obviously. This conclusion is also correct for
different Nh groups.

We see that the maximum" probable values of pseudorapidity for
two kinds of light targets H and CNO are nearly the same, and for
heavy target AgBr is less than for H and CNO. This effect
appeared to be the result of the secondary collisions between
shower particles and spectator nucleons, as well as, shower
particles and shower particles. The secondary collisions cause
the angle to increase and the pseudorapidity to decrease. For the
light target, the effect of secondary collisions is small. For
the heavy target, the effect is large. " It causes the
pseudorapidity distribution to move toward target fragmentation
region ( small pseudorapidity region ).
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We thank Profs- J.Hebert and Sun Hancheng for their help.
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Dilcpton production in an expanding bar-on-rich quark-gluon fireball

ZeJunHe Jiaju Zhang XijunQiu

' Institute of Nuclear Research, Acadcmia Sinica, P.O.Box 800-204,Shanghai
201800, China

In this work, we have studied the dilepton production in an expanding
baryon-rich quark-gluon (QG) fireball based on the (3+1) dimensional
relativistic hydrodynamic equation (RHR). In order to include the effect of the
quark (or baryon) distribution on the production, for the quark phase,
diieptons from q-q annihilations are calculated as done in [1] where the rate is
obtained via using the Fermi-Dirac distribution function of quarks, for the
hadron phase, diieptons are calculated based on n complete Boltzmnnn approx-
imation of pion distribution function as given in [2£ on the other hand, general-
izing the RHE to include the equation of the baryon number conservation, and
then solving the generalized RHE, we get the temperature and quark chemical
potential distributions which are provided to calculate the production. We also
adopt a scenario for the phase transitin, assuming that once the local value of
the fireball reaches to the phase boundary, a sudden transition to the hadron
phase occurs. To conserve the entropy during the phase transition, we have also
considered that primordial gluons and quarks fragment into more
quark-antiquark pairs before recombining into mesons as done in [3J.

The results shpw that the total dilepton yield, with increasing initial baryon
density, first rapidly rises due to the phase transition from the hadron phase to
the quark one, then goes down because of the suppression of the production to
form a characteristic peak signaling the farmation of QG matter in
ultrarelativistic nucleus-nucleus collisions, which is important for the serval
large-scale experiments at SPS and RHIC.
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NUCLEAR MEDIUM EFFECTS ON THE BARYON RESONANCE EXCITATION.

V.I.Mokeev, E. Santopinto, M.M.Giannini and G.Ricco
(Dipartimento diFisica and Istituto Nazionale di Fisica Nucleare, 16146 Gunova, Italy)

The recent measurements of the total photoabsorption cross-section off nuclei in the baryon
resonance excitation region *> confirm the presence of a A-peak, but show an unexpected lack of
strength in correspondence of the D^3<1520) and Fj5(1680) resonances. We have analyzed the
influence of the nuclear medium on the photoexci.ation of nucleon resonances, keeping the
kinematical effects separated from the dynamical ones. The Fermi motion of nucleons in nuclei has
been evaluated using a folding formula for the photoabsorprion cross section O ^ A / A =Jd^p n(p)
<JyN(W), where the average single nucleon cross section o ^ j is convoluted with realistic nucleon
momentum distributions n(p) 2). We have updated the old Armstrong's fits 3 ) to the single nucleon
photoaborption cross sections taking into account all information about the resonance
photoexcitation reported in the PDG *'. The folding reproduces fairly well the experimental
behaviour in the A-region, both for light and heavy nuclei, while for the higher resonances, the two
peaks, corresponding to the D13 and F15 states, are still evident for the deuteron, but in the case of
finite nuclei they are melted by the convolution into a unique broad structure, whereas the
experimental cross section has a flat trend. This means that the observed effect cannot be explained
only in terms of kinematics. In Fig.1 we report the results of our calculations 5 ) for 1 2 C and Be (la)
and for U (lb). They show the effect of Fermi motion only (full curv?), of including a 25% damping
for the D13 excitation and 50% for the F15 state (dot-dashed curve) and of including both this
damping and a 1.5 broadening factor in the widths of the WrS1.5 GeV resonances (dashed curve).
We discuss also possible theoretical explanations, in particular resonance rescattering in nuclei and
internal nucleon structure effects. The present analysis can be considered as a starting point for any
further theoretical investigation of the dynamical mechanisms involved in the excitation of nucleon
resonances in nuclei and a useful framework for future experiments to be performed at CebaftHall B).
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NUCLEAR SCHYVINGER-DYSON FORMALISM
IN HADRON PHYSICS

MasahiroNAKANO

University of Occupational and Environmental Health, Kitafcyushu 807, Japan

and

Akira HASEGAWA, Hiroaki KOUNO, Kazuhiro Koide, Tomohiro Mitsumori and Nobuo Noda

Saga University, Saga 840, Japan

We developed Nuclear Schwlnger-Dyson (NSD) formalism to make it applicable to a system of finite

baryon density such as nuclear matter, and the formalism was generalized further to include the meson mixing

of sigma and omega mesons. An application of Schwinger-Dyson formalism to nuclear physics has been

already attempted for finite nuclei [1,2]. The NSD formalism is considered a natural extension of Hartree

(H) or Hartree-Fock (HF) to include higher order correlations beyond them. The HF method consists of a

Dyson equation of the nucleon self-energy only. On the other hand, the N S D method consists of coupled

Dyson equations of the nucleon self-energy and of meson self-energies, and they should be solved in a self-

consistent way. The most important characteristic of NSD is an introduction of meson self-energies. The

meson self-energies include medium effects which arise from interactions between nucleons and mesons in

nuclear matter via particle-hole or particle-antiparticle excitations. These meson self-energies modify meson

propagators from those of HF, where free-meson propagators are used. Due to the largeness of the meson

self-energies, purtabative approaches such as loop expansions may be difficult In recent papers[3,4], we

have shown that such a calculation is possible and that the NSD coupled equations have solutions which

satisfy the saturation mechanism, even if the meson self-energies are very large. The NSD is one of

promising methods to approach the hadron physics.
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IN-MEDIUM KAON DISPERSION RELATION AND DILEPTON PRODUCTION

Hirotsugu Fujii and Toshitaka Tatsumi
Department of Physics, Kyoto University, Kyoto 606-01, Japan

Tne properties of kaons in medium are current important topics from the viewpoint of the strangeness
degrees of freedom in hot/dense matter. However we have not yet succeeded in understanding the knon-
nucleon (KN) interactions satisfactorily. This subject also attracts interests in relation with kaon con-
densation in dense nuclear matter. Then we are motivated to extract more information on the in-medium
properties of kaon from experiments.

We here propose the dilepton production from kaon annihilation in the region 0.6 - 1.2 GeV as a
new probe to extract the kaon properties in dense medium". The chiral model predicts that the average
KN interactions may be attractive, which leads to enhancement of the dilepton production in heavy-ion
collisions (HIC), especially at the (Ji-meson region of the dilepton invariant mass. The softening of kaons
in medium has a sizable effect on the dilepton production, which may be detected in the high energy HIC.

We adopt here, a simple chiral model to describe the KN in-
teractions , with which we can reproduce the essential part of
the s-wave KN interactions near threshold.2' Then kaon exci-
tation energy in the symmetric nuclear matter is written as

in the nonrclativistic approximation (see the upper figure). In
the dilepton production, the total energy of IP , 6) = (̂cOt+GUi
is relevant The scalar interaction reduces a) as a whole.

We calculate the rate of the dilepton production from the
kaon annihilation in the back-to-back kinematics:

cCR" • *

• 9

-10

-11

-12

T.100M«V

/ ~ -/pion background

/

1hi

\-
200 400 600

M
800

!M«V]
1000 1200

deb" 1

dk

ft is the Bose distribution function for K*. This formula
is a natural extension of the pion case3', but the non-zero
strangeness chemical potential appears in f±. For the EM ver-
tex Ffa2), we use the vector meson dominance model with p-
0Xj> mesons assuming the ideal mixing (<|>~ss), which well re-
produces the experimental data of the kaon form factor below
1.1 GeV. Note that the § peak is peculiar to the kaon case.

The lower figure is the main result for the rate of the dileptcn
production from the kaon annihilation vs. the dilepton invari-
ant mass Af. The vertical axis is in log scale. The dileptons
from the pion annihilation (solid line) give the main source of the background in this region. As for the
medium effects, we calculated 4 cases, free case (bold line), and 1, 2, 3p0 cases, respectively (dotted
lines). One can clearly see the enhancement of the ij> meson peak, to which JJ* annihilation mainly con-
tributes. The threshold decreases also as density grows; for some cases, it is below the Q) or p meson
channel. For other temperatures, these features are not qualitatively modified.

We have seen that ty meson peak in the dilepton production is enhanced by the softening of kaons in
medium. The medium effect was taken into account only through the kaon energy with the simple chiral
model. However our point is that the dilepton production rate from kaon annihilation may carry informa-
tion of in-medium kaon. From the analysis of dilepton, theory of KN interactions may be constrained.
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2) H. Fujii, T. Muto, T. Tatoumi and R. Tamagaki, Nucl. Phys. A571 (1994) 758; Phys. Rev. C50 (1994).
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UNCONVENTIONAL MEDIUM EFFECT IN. K+-
AND 7T+- NUCLEUS SCATTERING

Cai Chonghai, Li Lei, Shen Hong and Ning Pingzhi
Department of Physics, Nankai University, Tianjin 300071, China

The relative weakness of the A"+-nucleon two-body interaction at the hadronic scale
and the relative simplicity of the K+ -nucleus scattering mechanism make the K+ meson
the ideal hadronic probe of nuclear medium effects'1'. On the other hand, the pion-
nucleon two-body interaction becomes much weaker as one goes to energies above the A33
resonance, so the high-energy pion-nucleus elastic scattering may also provide sensitivity
to nuclear medium effects'1'.

In this work, the elastic scattering of K+ and x+ mesons from n C at 800MeV/c inci-
dent momentum are calculated within the framework of nonrelativistic impulse approxi-
mation(but with relativistic kinematics), and the effects of density dependent in-medium
quark mass are introduced directly from a simple selfconsistent gap equation'*':

where M* is the effective mass for the consistent quark in the nuclear medium, A is a
momentum space cut-off parameter of the quark NJL model'*'. The Fermi momentira kp
is related to the quark density pt by pt = (l/3jr*)n/nfAj., and 9(x) is the step sanction.
The Born amplitudes for K+- and J + - nucleon scattering in the nuclear medium are
roughly proportional to form factor times [?* + (2M*)*]"1.

The density dependence of the M* results in a modification of the optical potential.
Preliminary results calculated show that the introduction of the above unconventional
medium effect may lead to an enhancement of both K +• and TT+- nucleus differential cross
sections and provide a possible explanation for the missing theoretical cross section in
conventional nuclear physics calculations.
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MESON DEGREES OF FREEDOM AND
)

THE BINDING ENERGIES FOR NORMAL AND ABNORMAL NUCLEI

Qi-Ren Zhang and Chun-Yuan Gao

Department of Technical Physics, Peking University

Beijing 100871, China

We consider a relativistic nuclear model with meson degrees of freedom. The

finite size of nucleons is also considered. Model parameters are fixed by fitting the

normal nuclear data, including the compression modulus K=240MeV. We have found

both the normal and the abnormal solutions for both the nuclear matter and the finite

nuclei, and therefore proved the consistency of the idea of abnormal nuclear spates,

first proposed by T.D.Lee and G.C.Wick, with the existing normal nuclear data. The

impressive agreement between the data, calculated by the model deduced here from

a fundamental Lagrangian, with more than one thousand empirical data of normal

nuclei encourages us to improve the model to be a theory applicable in practice.

Because of a stiff decrease of the scalar meson field at the surface of the ab-

normal nucleus, the surface energy of abnormal nuclei is also large. There may be a

critical mass number Ai, only abnormal nuclei with mass number A> Ax are bound.

Because of the large value of the volume binding energy for abnormal nuclei, there

is another critical mass number A7, the binding energy of an abnormal nucleus with

mass number A> Ajia larger than the corresponding normal nucleus. For isosym-

metric nuclei we find A\ = 85 and Aj = 165. We have also found relations between

these critical mass numbers and the iso-asymmetry parameter. These relations may

be useful in the searching for abnormal nuclei.
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Charged Pion Photo-Production in the
Nuclear Medium at MAMI-B

M. Liang, D. Branford, T. Davinson, D. Johnston, J.A. MacKenzie,
A.C. Shotter, P.J. Woods.

Department of Physics, University of Edinburgh, Scotland.

J.R.M. Annand, S.J. Hall, P.D. Harty, J.D. Kellie, I.J.D. MacGregor,
J.C. McGeorge, R.O. Owens, T.T-H. Yau.

Department of Physics and Astronomy, University of Glasgow, Scotland.

P. Grabmayr, T. Hehl, J. Leypoldt, T. Lamparter, A. Mondry, M. Sauer,
R. Schneider, K. Späth and G. J. Wagner.

Physikalisches Institut der Universität Tübingen, Germany.

The experiments of exclusive charged pion photoproduction in nuclear
medium CH2, C, 8Li and 40Ca have been carried out at MAMI-B, Mainz,
Germany with tagged photon energies up to 790 MeV. Positive charged pions
produced in these reactions were detected in a Pion-Proton plastic scintilla-
tor telescope (PiP), which includes one 2 mm thick thin layer behaving as
a AE detector and four thick layers with total thickness of 63.5 cm, which
were treated as an E-detector. Pions and other charged particles can be
seperated due to the different amounts of energy they deposit in the AE
detector, which is related to their stopping powers inside the scintillators.
Positive pions with energy up to 170 MeV could be identified from the decay
of fi+ — particles(r = 1.2 fis) which provide afterpulse signal. Other particles
emitted in coincidence with JT+, e.g. neutron, were detected in a large posi-
tion sensitive time of flight array (TOF) placed on the other side of the beam
axis. The typcial energy resolution of this system is about 10 MeV in FWHM.

The study of these (-Y,irN) reactions should enable us to investigate the
possibility of initial quasifree pion photo-protduction, as it is already seen in
our " C and *Li data where this process (7+ "p" —• A+ - • TT+ +n) dominates
at low photon energies with E7 > 150 MeV, and the influence of final state
interaction (FSI). Of course, we are also expecting to obtain the information
on the A-excitation and A-propagation in nuclear medium.
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SUPPRESSION OF MEDIUM EFFECTS IN QUASIELASTIC
ELECTRON SCATTERING AT HIGH MOMENTUM

TRANSFER *

Bsoqiu Chen, Zhongyu Ma* and Da-chun Feng

(INPC'95, China Institute of Atomic Energy, P.O.Box 275(18), Beijing 102413, China)

The quenching of the longitudinal response function of quasielastic electron scattering is
a long standing problem. Recently, Yats et al. [1] at Dates showed their new experimental
results of quasielastic electron scattering from 40Ca, and a significant discrepancy from Saclay
data was found. The Rosenbluth separation at a small angle (9 = 45.5° ) at Bates would
reduce the uncertainties in the extraction of the longitudinal response Rx due to the large
contribution of Rt in the total cross section ( about 30-60% ). A dear disagreement between
the two experimental results was found. It might be noticed that some discrepancies also exist
among different experiments. The quasielastic electron scattering from 40Ca is investigated in
the relativistic mean -field(RMF) and nonrelativistic quasiparticle approaches. The agreement
with the new Bates data is observed[2]. The theoretical predictions not only reproduce the
correct peak position but. also the strength of the response. The clarification of the quenching
of the longitudinal response in the quasielastic electron scattering requires further accurate
experiments, especially the measurement at small angles.

The suppression of medium effects in the quasi-elastic electron scattering has been observed
experimentally at high momentum transfer of q = 1.14 Gev/C[3]. The dynamical origin of this
momentum-dependence of medium effects may attribute to the nucleon-nucleon correlation ef-
fects. The momentum-dependent self-energy of a nucleon in the nuclear medium can be obtained
in the relativistic Brueckner-Hartree-Fock approach, where the nucleon correlations are taken
into account. The longitudinal response functions of S6Fe are calculated with the momentum-
dependent self-energies in nuclear matter, A qualitative improvement with experimental data
at both low and high momentum transfers are obtained[4]. The further experiments in the
transition region between 0.5 GeV/c and 1 GeV/c are certainly desirable for the verification.
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NUCLEON AND MESON PROPERTIES IN HOT AND DENSE
HADRONIC MATTER

G.G. Bunatian
(Joint Institute for Nuclear Research, LNPh, 141980, Dubna, Moscow reg., Russia)

B. Kampfer
(Forschungszentrum Rossendorf e.V., O-8051, PF 19, Germany)

Nowadays, the pion mode in hot and dense nuclear matter is understood being
substantially softened as compare to free one *).

As nucleon is surrounded by a pion cloud, its properties alter in turn. Our inves-
tigation allows to infer the pion mode softening, consequently pion field strengthening,
leads eventually to nucleon instability at high temperature and density of the medium.

Due to the strong coupling to the pious, the p,u -mesons properties in medium
depend sensitively on the pion mode softening as well. We have calculated modifications
of the selfenergy parts of the p- and w-mesons in dense and hot nuclear matter due to
modifications of the processes, involving the internal intermediate pion states 2 '. Relying
on the previous investigations of the pion properties in nuclear matter, we elucidate the
main features of the p- and w-meson behaviour in the dense and hot nuclear matter in
the asymptotic case near the critical softening of ';he pion mode. We got found the p-
meson mode becomes stiffer, while the w-meson's one softens significantly with medium
temperature and density enhancement, the widths of mesons becoming greater than
ones of the free mesons.

Due to the recent development of ultrarelativistic heavy ions physics, we nave got a
chance to investigate the baryons free meson system itself which dominates the thermo-
dynamics of the hadronic matter for temperatures T ~ mT. In our work 3*, pion system
at temperature T ~ (1 — 2)mx is studied, the Trir-interaction being described by un-
derlying Weinberg Lagrangian. The pion spectrum modification proves consisting
in the replacement of the free pion mass m, by the effective one fh*(T), depending on
temperature and increasing with the temperature growth. The calculated thermody-
namical quantities -density of pion excitations, energy, entropy and pressure -
of considering pion gas come out to be smaller than ones of free pion gas under such
conditions.
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RELATIVISTIC DENSITY-DEPENDENT HARTREE-FOCK
APPROACH FOR FINITE NUCLEI *

Hua-lin Shi, Bao-qiu Chen and Zhong-yu Ma"

(INPC'95, China Institute of Atomic Energy, P.O. Box 275(18), Beijing 102413, China)

It is a challenge to link the properties of finite nuclei directly to the realistic two-nucleon inter-
action. An important step in this connection is the correct treatment of short-range correlations.
The self-consistent calculations of the relativistic Brueckner-Hartree-Fock (RBHF) approach,
starting from a bare nudeon-nucleon interaction and taking account of the nuclear shorl range
correlation, could quantitatively reproduce the nuclear matter saturation propertiesfl]. Da? to
its complexity, the effective relativistic interaction approaches are developed to incorporate the
RBHF results in the relativistic mean field (RMF) or relativistic Hartree-Fock approach(RHF).
The effects of the short range correlation on the ground state properties of finite nuclei are
investigated[2].

The self-energy resulting from the RBHF calculation in nuclear matter is reproduced by
introducing parametrized density-dependent coupling constants of isoscalar mesons in the RMF
and RHF approaches where the isoscalar mesons a , u> and isovector mesons 7r, p are included[3].
The RHF calculations with density-dependent coupling constants obtained in this way not only
reproduce the nuclear matter saturation properties, but also provide the self-energy with an
appropriate density-dependence. The reiativistic density-dependent Hartree-Fock (RDHF) ap-
proach contains the features of the relativistic G matrix and in the meantime simplifies the
calculation. The ground state properties of spherical nuclei calculated in the RDHF are in good
agreement with the experimental data. The contribution of isovector mesons x and p , especially
the contribution of the tensor coupling of p meson, is discussed in this work. It is found that
the Fock exchange terms are not negligible, though the exchange contributions are relatively
weak than those of the Hartree terms and their contribution to the binding energy may be
compensated by the variation of the coupling constants. The important contributions from the
isovectoT meson n as well as p, to some extent are not included in the mean field approach. It
is found that the isovectof mesons it and p play an important role in the spin-orbit splitting as
well as the isospin-dependent quantities. The tensor coupling of p meson gives a constructive
contribution to the binding energy, especially the rms charge radius, therefore, improves the
agreement with the experimental data.
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THE AXIAL CHARGE

RENORMALIZATION IN A

RELATIVISTIC FINITE NUCLEI

DESCRIPTION
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Starting from a realistic One-Boson-Exchange model of the nucleon-nucleon in-
teraction the relativistic mean field for nucleons is determined within the Dirac
Brueckner Hartree Fock approach for finite nuclei. The matrix elements of the axial
charge operator evaluated for the solutions of the Dirac equation with this selfenergy
are investigated [1].

We have found renornialization effects due to the use of the relativistic- wave
functions, enhancing the axial charge in the direction found in earlier perturbative
approaches for nuclear matter. However, the quantitative results differ from the
estimates derived for nuclear matter significantly. Using the G-matrix derived from
a realistic meson exchange model of the NN interaction [2] a perturbative estimate
of the heavy meson exchange current contribution to the axial charge at nuclear
matter saturation density [3] would yield a renormalization factor of 1.4 and a non
perturbative treatment would lead to enhancement as large as 1.7. For finite nuclei
che enhancement factors considerably smaller, of the order of 1.2-1.3. We argue
that this reduction of the renormalization effect is due to the smaller densities at
the surface of finite nuclei, which are relevant for the evaluation of actual matrix
elements. From these considerations we can also understand the dependence of the
renonnalization factor of the momentum transfer and on the transition actually
considered.
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ON THE PARAMETRIZATION OF THE
RELATIVISTIC MEAN-FIELD THEORY

D. VON-E1FF. W. STOCKER, AND M.K. WEIGEL
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and
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The ability of the relativistic mean-field theory to accomplish experimental demands
is investigated with respect to nuclear surface and compressional properties. There-
fore, calculations for semi-infinite nuclear matter within the relativistic Hartree
approximation have been performed utilizing the nonlinear <ru>g-model. We inves-
tigate the structure of the nuclear surface, i.e., the specific surface energy and the
surface thickness, in its dependence on the properties of uniform nuclear matter in
a systematic manner. We establish criteria for the selection of a relativistic mean-
field parametrization following from the, experimentally well determined, nuclear
siirface properties. In this respect, the theory with five adjustable parameters (in-
cluding the scalar mass ma) is found to possess not enough degrees of freedom
to reproduce the empirical data for the specific surface energy, the surface thick-
ness, and the spin-orbit splitting in light nuclei simultaneously. In particular, the
parametrizations NLl and NL-SH are investigated, both having been obtained by
fitting to ground-state properties of several finite nuclei. While the surface proper-
ties for NLl agree well with experiment, the parameter set NL-SH yields a surface
thickness much too small compared with the empirical value. The effects of the
spin-orbit force become particularly visible in the nuclear surface region. There-
fore, the schematic system of semi-inifinte nuclear matter, free of "contaminating"
shell-, curvature-, and Coulomb effects, offers the possibility to study the behaviour
of the spin-orbit potential in an appropriate manner. Because of its relevance for the
properties of very neutron-rich (exotic) nuclei, we investigate the relativistic spin-
orbit force near the neutron-drip line. In particular, the influence of the spin-orbit
force on the nuclear surface properties as a function of neutron excess, the local
variation of the spin-orbit strength at various asymmetries, and its dependence on
nucleonic isospin are studied for NLl and NL-SH. Finally, using the scaling model,
the breathing-mode energies for both parametrizations have been calculated. They
are found to be in disagreement with experiment. However, as far as the nuclear
matter incompressibility Kv is concerned, neither the NLl value, 212 MeV, nor the
NL-SH value, 35C MeV, can be excluded.
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RELATIVISTIC NUCLEAR MATTER WITH
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Effective lagraugianas involving IIUCICOIIH coupled to scalar and vector fields arc in-
vestigated within the framework of relativistic mean-field theory. The study presents the
tradicional Walccka model [1] and differcnts kinds of scalar dcrivate coupling suggested
by Zimauyi and Moszkowski [2,3] . The first time; two of them, refercd in this work as
ZM2 and ZM3, are implemented and applied to dense and hot nuclear mailer [4] . The
incomprcsflibility (K), scalar potential (S) and vector potential (V) at the saturation point
of nuclear matter are compared for these models mid presented in Table I. The real optical
potential for the models are calculated and one of the new models ZM3 fits well the ex-
perimental curve from -50 to 400 MeV while also gives u soft equation of state aud a value
of V - S which most approachs that one obtained from Walecka model. We also analyse
the case of asymetric nuclear matter including the p meson interaction which plays an
important role in cold and dense neutron matter. At finite temperature, the obtained
equation of state is used to discuss the liquid-gas phase transition of nuclear matter. At
the level of the thermal vacuum (p = 0) only the Walecka model presents a first order
phase transition.

References
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W

ZM

ZM2

ZM3

S

-431.02

-140.64

-1G7.83

-267.DU

V

354.15

82.50

109.73

203.71

V + S

-7G.87

-58.13

-58.09

-63.28

V - S

785.18

223.13

277.50

470.71

K

550.82

224.71

198.32

155.74

TABLE I. Values in MeV for S ,V,V+S,V-S and K at pB
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SECOND-ORDER EFFECTS ON KAON CONDENSATION
IN THE RELATIVISTIC MEAN-FIELD THEORY

Hirotsugu Fujii, Tomoyuki Maruyama, Takumi Muto and Toshitaka Tatsumi
Department of Physics, Kyoto University, Kyoto 606-01, Japan

Kaon condensation in dense matter has been providing interesting aspests of kaon dynamics in
medium! 1], Its implications to astrophysical phenomena and heavy-ion collisions have been studied
from wide viewpoints! 1-3]. Recently off-shell properties of the kaon self energy have been discussed
extensively in connection with kaon condensation as well as the KN and KA interactions[4]. Here, we
examine the off-shell behavior of kaons and kaon condensation in neutron star matter with the second-
order effects (SOE) necessary to be consistent with the on-shell data on KN interactions.

Based on current algebra and PCAC, the S-wave kaon-condensed state is given by a chiral rotation
from a meson vacuum \x): ]K~) = Cg\x). Then the classical K~ field is written as {K\K'\K) = -fe sin 9,
with the meson decay constant / and the chiral angle G.

The energy density £ for the kaon-condensed state can be given by the expectation value of the effective
Hamiltonian H*n = H + |xQ, where Q is the charge operator and \x is the chemical potential. We get
£(9,u,x) s {K~\7i'"\K-) = WW^Ix) with H"" = O^H^Os = W" - i sin9([35,Waal ~ *uAj) +
(cos 9 - 1)(£JC + upV) - ^ix2/72 sin2 9 , where. tK = [Qj, [$J, HSB]] is a kaon sigma operator reflecting
the explicit chiral symmetry breaking, and pV = jVjf^ + ^Vjf 0 is the V-spin charge density which
corresponds to the Tomozawa-Weinberg term. Here we take into account the second term on the second
line in Hcrr[5], which was omitted in our previous works. Performing the second-order perturbation with
respect to A°, we get the contribution of this term to the energy density as

4°(0)lx> = - - 2sin29(d D +d 0 ) - - 0 ( g A ' > t s i n 9 ) 2
 ( 1 \

MVM- o.TSaip,

A*

where p p (p n ) is the proton (neutron) number density, gA- is the K3VA* coupling constant (we denote
A(1405) as A ' ) , a n d M A . - Af ~ 465 MeV. The first term on the r.h.s. of Eq. (1) is the smooth part (i),
and the second one comes from the A* pole (ii). Note that both terms are important to reproduce the KN
scattering lengths. We fit the parameters dp, dn a n d g A . by the KN scattering lengths.

We extend our chiral symmetry approach by incorporating the
rclativistic mean-field theory.[2] In Fig., we show the kaon excita- 8 0 0

don energy o vs . the baryon number density Ps for a typical value
of EJQ,T=400 MeV and the nucleon effective mass M'/M=0.75 at
Po=0.17fnr3 (solid line). Due to the inclusion of the A' resonance,
there appears a K"p~x particle-hole branch in additoin to the K* ones. £ 400
The results without the SOE are also shown by dotted lines. We can a

see that the K' branch is modified only slightly by the SOE. Accord-
ingly, the A"" branch comes across the chemical potential (dash-dotted
line) at almost the same density, where the equilibrium condition for

the weak process, n ^ p + K~ in neutron star matter, is met and 0 1 2 3 4 s
K' condensation sets in. It is to be noted that K* branch increases P , ^
monotonically with density due to the SOE, as seen in the figure, which is qualitatively different from
the result without the SOE. Hence there is no unstable point for if* pair condensation with (Ojf.+co^-=0,
which appears without the SOE in the nonrelativistic framework! 1].

It is also shown that the energy per baryon,G,(i, and the proton-mixing ratio in the K~ condensed phase
are also little changed by the SOE. Therefore it may be concluded that the SOE little affect both the
critical density and the equation of state o f the K~ condensed phase where the kaon effective mass lies
far off the mass shell and the SOE are small, even though the S O E are crucial for the on-shell properties
such as KN scattering lengths.
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A CHIRAL EFFECTIVE LAGRANGIAN FOR NUCLEI

R. J. FurnstaM and Hua-Bin Tang
{Department of Physics, The Ohio State University, Columbus, OH 43210 USA)

Descriptions of nuclear matter and finite nuclei, which are ultimately governed by the
physics of low-energy quantum chromodynamics (QCD), are efficiently formulated using
low-energy degrees of freedom—the hadrons. In the absence of direct derivations from
QCD, such effective descriptions should be constrained by the underlying symmetries
of QCD, both broken and unbrcken. Nevertheless, the appropiiate realization of these
symmetries for phenomenological models is not yet established. In this paper, we explore
some consequences of applying QCD symmetry constraints to effective field theories of
nuclei.

A relativistic effective lagrangian applicable to nuclear matter and finite nuclei is in-
troduced. Chiral symmetry is realized in the usual nonlinear way. Vector mesons are
included as gauge bosons, which allows investigation on how Sakurai's vector dominance
is manifested in the properties of nuclei. Scalars are incorporated to saturate the low-
energy theorems of QCD broken scale invariance. An effective light scalar meson, which
has anomalous scale behavior, is responsible for the mid-range nucleon-nucleon attrac-
1 ion: this scalar is not. assumed to be the chiral partner of the pions. The high-mass part
of the scalar sector, including conventional glueball contributions, is integrated out.

in contrast to chiral perturbation theory, wo do not have an expansion in powers of
I he energy. Instead, we propose to expand in powers of the fields and their derivatives
assuming ''naturalness" of the coefficients and mean-field dominance. Phenomenological
support for the expansion and truncation comes from the smallness of the mean fields
and their derivatives at normal nuclear matter density as compared to the typical scale
of the problem—the nuclcon mass. Vacuum loop contributions arc absorbed in the renor-
nuilix.ation of coupling constants in the lagrangian.

A one-loop energy functional for nuclear matter and nuclei i.s derived that contains small
powers of the fields and their derivatives, and the nature and validity of this truncation
i.s e.xiimined. Good fits to the bulk properties of finite nuclei and single-particle spectra
are obtained, which also lead to very reasonable nuclear matter properties. Extensions
of till* model beyond one-loop in a manner consistent with conservation laws and Ward
identities, and the possibilities for extrapolating to extremes of-density and temperature
lire discussed.
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THE ATTACHMENT PROBABILITY FOR A
LAMBDA PARTICLE TO FRAGMENTS

F.F.Karpe8hin
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and
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Important information is obtained in studying fission in muonic atoms (e.g.1' and
refs. cited therein), and considerable progress has been achieved in understanding the
mechanism of muon entrainment by the light fragment, the excitation of giant multipole
resonances, and the data of the fission barriers.

A step further is the study of the fission of lambda hypemuclei, produced by annihi-
lation of antiprotons in a uranium target3). The attachment probability P of a lambda
particle to the fragments is estimated in the present paper on the basis of a statistical
model. In our approach we dropped the assumption adopted in the previous studies
that the lambdas are thermally equilibrated with the nucleons, and the possibility of the
lambda being in higher levels is considered. A smooth level density generated from the
harmonic oscillator spectrum by means of a Gaussian averaging function is employed
while for the harmonic oscillator level spacing various analytic expressions in terms of
the mass number are used. The linear dependence of the lambda attachment proba-
bility to the mass of the fragment can be shown within the framework of this model
analytically.

The calculated values of the attachment probability to the heavy fragment depend on
the expression of the harmonic oscillator level spacing used. Detailed comparison with
the experimental results is made and discussed.
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S+p SCATTERING CROSS SECTIONS IN RGM-F FOR THE
HYPERON-NUCXEON INTERACTION
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(Department of Physics, Kyoto University, Kyoto 606-01, Japan)

(•Graduate School of Science and Technology, Niigata University, Niigata 950-21, Japan)
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We have recently developed a unified description of the NN and YN interactions in the
(3g)-(3j) resonating-group method (RGM) with a minimum augmentation of effective meson
exchange potentials.11 This model, which we call RGM-F, reasonably reproduces the gross fea-
tures of the NN phase shifts and all the low energy cross section data of the YN scattering
up to piai = 200 MeV/c. On the other hand, once the incident energy becomes higher, the
different behavior of the P-wave phase shifts in the present quark model and the traditional
OBBP model such as the Nijmegen model2' reproduces fairly different predictions for the total
cross sections.

Figure 1 shows the nuclear part of the calculated E+p total scattering cross sections (solid
curve) compared with that of Nijmegen model F (dashed curve)2'. The angular averaged exper-
imental values are also plotted from ief.3). The effect of the Coulomb force is less than 10 ~ 20
% in this energy region. Although both models reproduce the existing data fairly well, a large
difference shows up in the intermediate energy region PE = 400 ~ 600 MeV/c.

The Nijmegen XP\ E + p potential is very attractive in the short range region and has very
strong hard-core-radius dependence. Since this channel belongs to the Sf/3 representation (30)
and is free from the other S7V and KN channels, they have used very small core-radius in order
to reproduce some systematic rise of the angular distribution at ps = 160-180 MeV/c. This is
seen from Fig. 2 .where the calculated angular distribution of E+p scattering at pz — 170 MeV/c
is compared with the experiment3'. We End that the real issue here is how we can seriously
take the two data points in the backward angles. Quite clearly,, more accurate experimental
measurements are necessary in order to draw more definitive conclusion.

References
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Fig. 1 Calculated E+p total nucleu cross sections
compared with that of Nijmegen model FK

Fig. 2 Calculated E+p angular dutribntion at
pc = 170 MeV/c compared with the data3'.
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Ap SCATTERING CROSS SECTIONS IN T H E INTERMEDIATE ENERGIES
— Effect of AJV-SJV Coupling due to L,c(~> Force —
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One of the most interesting new featuros of the hypcron-nuclcon {YN) interaction is the effect
of the antisymmetric LS (LS^) force whicli couples two-baryon state.1; with different spin-flavor
symmetries. It is particularly important in the AW and SW(/ = 1/2) transition potential, since
the quark model usually predicts fairly strong i S ( ~ J force connecting two octet Si/3 components
with opposite symmetries contained in these configurations1).

In the unified description of the NN and YN interactions by RGM-F2\ the whole LS force
comes from the Fermi-Breit LS force, and the quark coupling kernels are exactly treated in the
coupled channel RGM. The calculated Ap total scattering cross sections in this model is shown
in Fig. 1. We find that this LS'~) force yields a prominent bump structure in the intermediate
energy region around pA = 300 ~ 500 MeV/c.

The origin of this bump is the weak attraction existing in the £JV(7 = 1/2) 3P central phase
shift. In order to see this, we show in Fig. 2 the change of this ZP\ phase shifts with successive
introduction of various pieces of interactions. Although the central phase-shift rise is not so
great, it is largely enhanced by the LS and tensor nonccntral forces. Once the LS^ force is
introduced, this attractive effect is even enhanced through the coupling with the l P\ channel of
the ZN(I = 1/2) system. Further extension of the model space through the coupling with the
AN channel suddenly pushes this resonance away to the 3P\ state of the AN channel, where a
very prominent broad step-like resonance is created. This interesting effect of LS^~' force in the
AN-T1N coupled-channel problem is not introduced in the Nijmegen hard-core models.
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Fig. 1 Calculated Ap total scattering cross sec-
tions compared with the experimental data .

Fig. 2 SN(I = 1/2) 'f l phase shifts in various
approximations. See the text for the explanation.
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We study infinite nucleonic matter contaminated with (A) hyperons1' in the fully self-
consistent Brueckner approximation scheme2'.
As basic interactions we use the Paris potential3' in the N-N channel and the Nijmegen

soft-core potential4' in the N-Y channel. The Brueckner-Hartree-Fock equations are then
solved by self-consistently determining the various single particle potentials UNNWI UNAI^),

U\N{k), (/AA(^) of the nucleon (hyperon) due to the interaction with the surrounding nu-
cleons (hyperons). Due to the strong A-S mixing, JV-S intermediate states have to be
considered as well, which together with the mixing of angular momentum states due to the
tensor forces leads to fairly complicated equations.
We present results for the various correlation functions u(x), single particle potentials

U{k), and binding energies as functions of densities pur, p\, and temperature T.
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This experimental hypernuclear program is designed by the collaboration to perform high precession
measurements of hypemuclear excitations using the (e,e' K) reaction. The goal of the program is to reach an
energy resolution of about 100-200 keV, which would be an order of magnitude better than currently
attained by counter-spectrometer type of facilities. This resolution would provide high quality data to
extract the A-nucleus effective potential parameten and the hyperfine spin-orbital splitting parameters, at
least on some of the low-lying states in the p shell. The experiment is to be undertaken in a phased
approach. The first phase of the experiment will attain about 1 MeV resolution using an existing hadron
spectrometer in Hall C at CEBAF Hall C to measure cross section and backgrounds. Hypernuclear
excitations using the (e,e'K) reaction have not been previously studied, and resolutions of about 1 MeV are
in fact better than other measurements using hadronic beams. The collaboration will seek a high resolution
kaon spectrometer system in later phases. Experimental preparation is underway and should be completed
by November 1995.
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The goal to study hypernuclear systems with high resolution has been pursued in several
Laboratories for many years due to the information on the spin dependence of the effective
A-N interaction that can be obtained from the energy splitting of hypernuclear spin
doublets. Hypernuclear states have been studied up to now essentially by (K",7C~) and
(JI+ ,K+) reactions. The former is a process with small momentum transfer, the spin flip is
negligible, substitutional hypernuclear states are predominantly populated. In the last one
the momentum transfer is high, the spin flip part is strong enough to produce appreciable
polarization in the final hypernuclear states, but still weak for 9 K < 10°. The energy
resolution is of the order of 2 MeV, much greater than the spin doublet splitting (some
hundredth of KeV). A very recent experiment at KEK ((jt+,K+) on 12C) shows that, just
improving the energy resolution from 4 MeV to 2 MeV allows to see two additional peaks
at excitation energy of 2.61 MeV, and 6.81 MeV, very different from what predicted by
the weak coupling model { 2.1 MeV and 4.8 MeV). This means that this experiment is in
sharp diagreement with the common accepted weak coulpling model.The situation has to
be clarified. In the near future, the only possibilities of essential progress in this direction
is given by the high resolution (some hundredths of KeV) hypernuclear spectroscopy with
électron beam at CEBAF by means of (e.e'k) reactions1). In this case, due to the strong
spin flip contribution, both members of spin doublet may be populated and, in contrast to
(K, 7f) and (JT4*, K+), electromagnetic production of K+A pair goes on the proton making
possible to study the hypemuclei non available otherwise ('HeA, ' Ü A ) - The quality of the
CEBAF beam makes possible to identify the bound hypernuclear levels with high
resolution. But the small cross sections and steep angular dependence demand the most
forward angles for the HRS2 spectrometers of Hall A. Physics motivations and a first
experimental program on this subject are presented as part of a physics program that can be
done in Hall A . It can be shown that, in halt A, by moving the scattering chamber
upstream and putting two septa for the electron and hadron arms, it is possible to get 8 e =
©k = 6 °, at a reasonable cost. A sample experiment (on TLi, 9Be, 12C and 16O) will be •
analysed to show the good missing mass resolution achevable (~ 280 keV) as well as the
interesting physics infromations obtainable.

References
1) S.Frullani, F.Garibaldi, P.Markowitz, T.Saito, CEBAF Experimental proposal 94-

107 (1994)
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EFFECTIVE R A N G E P A R A M E T E R S OF T H E HYPERON-NUCLEON
I N T E R A C T I O N IN THE SVS QUARK MODEL

Y. Pujiwara, T. Yamamoto, C. Nakamoto* and Y. Suzuki'
(Department of Physics, Kyoto University, Kyoto 606-01, Japan)

(*Graduate School of Science and Technology, Niigata University, Niigata 950-21, Japan)
('Department of Physics, Niigata University, Niigata 950-21, Japan)

We have recently developed a unified description of the uucleon-nucleon {NN) and hyperon-
nucleon (YN) interactions in the (3?)-(3r/) resonating-group method (RGM) with a minimum
augmentation of effective meson exchange potentials.1' This model, which we call RGM-F, incor-
porates the full Fermi-Breit interaction with explicit flavor symmetry breaking, and introduces
between quarks the scalar-meson-nonet exchange central and the JT, K tensor forces of the
Nijmegen model F. The space-spin parts of the exchange kernels for these effective meson ex-
change potentials are explicitly calculated. For the central meson-exchange potentials common
adjustable parameters c = 0.4212 for the flavor antisymmetric V = a (5E or *O) and c = 0.56
for V = s (lE or 3O) are introduced to fit the dcutcron binding energy.and the NN lSo phase
shift. No adjustment is made for the tensor force. The mass ratio of the strange to up-down
quarks is 1.25, and the Coulomb force is also introduced in pp and E + p systems.

The RGM-F reproduces the gross features of the NN phase shifts and all the low energy
cross section data of the YN scattering up to pub = 200 MeV/c.1^ Table lists the RGM-F
predictions of pp, np, AN, and S+p 5-wavc effective range parameters, compared with the
results of some experimental analyses. Although the |u,| in pp is a little too small, we find that
the low energy scattering parameters of AN and E+p are nicely reproduced. They also have nice
correspondence to various theoretical values determined by many sophisticated OBEP models
like.Nijmegen and Julich models. In particular, the singlet and triplet scattering lengths satisfy
the condition |a, | > |a(|, which is required from the spin assignment of JH system.2)

YN

PP
or np

AN

S+JV

RGM-F

exp't3 '

RGM-F

exp't2>

exp't4)

• RGM-F
exp't5)

a,(fm)
-5.85 (pp)

-7.8098 ± 0.0023

.. -2.03

-1.80

-2.00

-2.26

-2.42 dk 0.30

r,Um)
2.11 (pp)

2.767 ± 0.010

3.05

2.80

5.00

2.70

3.41 ±0.30

at(Jm)
5.35

5.424 ± 0.004

-1.66

-1.60

-2.20

0.79

0.709 ±0.001

n(fm)
1.69

1.759 ± 0.005

3.26

3.30

3.50

0.59

-0.783 ±0.003
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CALCULATION OF THE AZIMUTHAL ASYMMETRY FOR 2H(e,e'p)n
UNDER THE SLAC KINEMATICS

Yu. P. Mel'nik
Kharkov Institute of Physics k Technology, Kharkov 310108, Ukraine

Recently the measurements of the 3H(e,e'p)n cross sections at high values of the four-
momentum transfer squared Q1 have been performed at SLAC [1]. The longitudinal-
transverse interference structure function WLT was extracted from this experiment at
Q2 = 1.2 (GeV/c)3. The data [1] were presented in terms of the azimuthal asymmetry

A .

£ W / ,
where a = diff/dEldiledSlp is the coincidence cross section, <p(= 0, ir) is the angle between
the electron scattering plane and the plane containing the momenta of virtual photon q
and detected proton. As for other clarifications, see, for example, [2].

The calculated cross sections and asymmetry A+ are compared in the figure with the
data versus the missing momentum pm. The calculations (for details, see [3]) include the
final-state interaction (FSI) and ^-exchange currents (MEC) for the cut-off parameter
A — 1.2 GeV with (solid curve) and without (dashed) account of the relativistic correc-
tions (RC) to the current operator due to the Dorwin-Foldy and spin-orbit interaction
contributions.
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As seen in the figure, the inclusion of RC increases the absolute value .of At . The

influence of RC grows as the pm value increases. According to our calculations, the contri-
butions of FSI and MEC to the asymmetry are small for pm < 200 MeV/c. On the whole,
our results are in agreement with other theoretical predictions for A+ presented in [1].
References
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MEASUREMENT OF THE NEUTRON ELECTRIC FORM FACTOR IN

THE EXCLUSIVE REACTION 3îfe (e, en)

Werner Heil

Institut für Physik, Johannes Gutenberg-Universität Mainz

Postfach 39 80, D-55099 Mainz, FRG

for the A3-Collaboration of the Mainz Microtron MAMI

HG. Andresen1 J. Annand3 K. Aulenbacher2, J. Becker2,J. Blume-Weny1,!!». Dombo1, P. Drescher2, J.E.
Ducret1, V. Eyl1, H. Fischer2, A. Frey1, P. Grabmeyer4, S. Hall3, P. Hartmann1, T. Hehl4, W. Heil2. T.
Hoffmann2, J. Kellie3, F. Klein1, M. Leduc5, M. Meyerhofl2, G. Miller3, H. Möller1, Ch. Nachtigall2, M.
Ostrick1, E.W. Otten2, R. Owens3, S. Plützer2, E. Reichert2, D. Rohe2, M. Schäfer2, H. Schmieden1, R.
Sprengard1, K-H. Steffens1, R. Surkau2, Th. Walcher1

'institut fur Kernphysik, Universität Mainz; ^Institut für Physik Universität Mainz; 3Depanment of Physics
and Astronomy, University of Glasgow; 4Universität Tübingen; -"Ecole Normale Supérieure, Paris

The question of the electromagnetic structure of the nucléon is of fundamental importance
both in nuclear and particle physics in order to make significant statements on quark wave
functions or models of the nucléon. While the data on the'proton have over many years
gradually been extended in momentum transfer and precision, comparatively little progress has
been made on the neutron charge and magnetic form factors. In particular the electric form
factor GE n is very difficult to determine using the conventional method of Rosenbluth
separation. A much better technique is to measure the asymmetry in the scattering of high
energy polarized electrons from polarized targets or the spin transfer to the recoiling neutron
from unpolarized targets.

A first measurement of the asymmetry in quasi-elastic scattering of longitudinally polarized
electrons from a polarized 3He gas target [1] in coincidence with the knocked out neutron is
reported. This measurement was made feasible by the cw beam of the 855 MeV Mainz
Microtron MAMI. It allows a determination of the electric form factor of the neutron Gg n

independent of binding effects to first order. At Q2 = 0,31 (GeV/c)2 two asymmetries
Ä„ (SHei< q) and A a(SH e iq) have been measured giving A,,= (-7.40± 0.73) % and Ax= (0.89
± 0.30)%. The ratio Aj./ Anis independent of the absolute value of the electron and target
polarization and yields G^n = 0.035 ± 0.012 ± 0.005 [2]. Preliminary results on G^n at Q 2 ~
0.35 (GeV/c)2 measured with the final detector setup with an increased statistical accuracy will
be presented.

[ 1 ) G. Eckert et al.t Nucl. Instr. and Meth. A320 (1992) 53

[2] M. Meyerhoffet al., Phys. Lett. B 327 (1994) 201
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HADRON ELECTROMAGNETIC FORM FACTORS IN A LIGHT-FRONT
CONSTITUENT QUARK MODEL

F. Cardarelli(a\ E. Pace(a-b>, G. SalmeH S. Simula^)

(a) MFN Sezione Tor Vergata, Via della Ricerca Scientifica, 1-00133 Roma (ITALY)
(h> Dept. of Physics, University of Rome "Tor Vergata". Via della Ricerca Scientifica,

1-00133 Roma (ITALY)
M1NFN Sezione Sanita, Viale Regina Elena 299,1-00161 Roma (ITALY)

Hadron electromagnetic form factors are investigated within a relativistic constituent quark
model based on the light-front formalism and one-body electromagnetic current operator [see
refs. '-2)]. The calculated form factors turn out to be sharply sensitive to the high momentum
components generated in the hadron wave function by the effective qq interaction of ref. 3),
which reproduces hadron mass spectra. It is shown that a good agreement with existing
experimental data up to Q2 ~ 10 (GeV/c)2 can be obtained for all the nucleon form factors as
well as for the pion form factor by introducing a simple ansatz both for the Dirac and Pauli
form factors of the constituent u and d quarks (see fig. 1). It should be pointed out that: i) the
experimental values of the proton and neutron magnetic moments are correctly reproduced,
thanks to the introduction of anomalous magnetic moments for the constituent quarks; ii) an
isospin symmetry breaking for the Dirac and Pauli form factors of the constituent u and d
quarks has to be adopted in order to reproduce ut the same time the nucleon and pion data.

C3

0.2 0.4 0.6 0.8
Q2 (GeV/c)2

o • 4 6 8

Q2 (GeV/c)2

Fig. 1. The charge form factor of the pion Fn(Q
2) and the nucleon form factors GE(Q2) and

GM(Q 2 ) versus the four-momentum transfer Q2. The solid lines are the results of our light-
front calculations obtained assuming Dirac and Pauli form factors for the constituent quarks
and adopting the pion and the nucleon wave functions corresponding to the effective qq
interaction of ref. 2). The data for Gg" correspond to the Paris potential.
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PRECISION M E A S U R E M E N T
OF T H E N E U T R O N M A G N E T I C F O R M F A C T O R

D. Fritschi, H. Anklin, L.J. de Bever, S. Buttazzoni, A. Feltham, G. Kubon, J. Jourdaa,
M. Loppacher, G. Masson, L. Qin, I. Sick, Ph. Steiner, Ph. Trueb, M. Tucdllo, M. Zeier,
J. Zhao, B. Zihlmann.
Deportment of Physics, University of Basel, Basel, Switzerland
K.I.Blomqvist, W.U.Boeglin, M.Distler, R.Edellioff, J.Friedrich, M.Korn, H.Kramer,
K.W.Krygier, V.Kunde, A.Liesenfeld, K.Merle, R.Neuhausen, E.A.J.M.Offennann,
A.W.Richter, G.Rosner, P.Sauer, St.Schardt, Th.Veit, Th.Welcher.
Department of Nuclear Physics, University of Mainz, Mainz, Germany

The nucléon electromagnetic form factors are of fundamental importance for an under-
standing of the structure of these elementary particles. Knowledge of the distribution of
charge and magnetism within these systems provides a sensitive test of models based on
QCD, In addition these form factors serve as basic input to calculations of form factors
of complex nuclei.

A precise knowledge of the magnetic form factor of the neutron Gmn is also of necessity
for the analysis of jfe(e,e'n), 2If(e,e'n) and 2B(e,e'n) experiments, which will provide
information on the electric form factor of the neutron Gm. The product G„,-Gmn, thus
the accuracy of G„ depends directly on the precise knowledge of Gmn.

We determine Gmn via a measurement of the cross section ratio R — 2H(e, e'n)/2H(e, e'p)
in quasifree kinematics. This experiment has been performed at the new electn 1 accel-
erator facility of the University Mainz (MAMI). The ratio R can be determined with
very high precision. This approach allows to eliminate most of the systematical errors
that have limited the accuracy of previous data on Gmn but does depend on a nucléon
detector of well known absolute detection efficiency. This efficiency was determined at
the high intensity neutron beam facility NA2 of PSI. At NA2, protons from the H(n,n'p)
reaction are used to tag the scattered neutrons. The recoil protons are detected in a
setup of multi-wire proportional chambers and plastic scintillator counters. The neutrons
are detected using the identical nucléon detector as in the R measurement. This method
of associated particles to determine the efficiency is independent of neutron flux, target
thickness, and cross sections.

For a high-precision measurement one also needs to determine the many corrections due
to xy- and energy-dependence of the response of the nucléon detector, the absorption of
nucléons in shielding materials, and many more. These corrections all can be experimen-
tally determined using the well-collimated neutron and proton beams of variable energy
available at NA2.

We expect to reach an accuracy of <1% in Gmn, similar to an analogous experiment
already performed at low q3 (H. Anklin et a l , Phys. Lett. B 336,313;1994). With the
new experiment, we extend the range of the data up to g2 = 22 fm~2.
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RELATIVISTIC EFFECTS IN ELECTROMAGNETIC FORM FACTORS OF n. p AND co
MESONS

F. CardarelliW, I.L. GrachO>), I.M. Narodetskii^, E. PaceW, G. SalmeW, S. Simula<c)
(") Dept. of Physics, University of Rome "Tor Vergata" and INFN Sezione Tor Vergata,

Via della Ricerca Scientifica, 1-00133 Roma (ITALY)
(b) Institute of Theoretical and Experimental Physics, Moscow 117259, Russian Federation

M INFN Sezione Sanita, Vide Regina Elena 299,1-00161 Roma (ITALY)

The electromagnetic form factors of Jt, p and (0 mesons are investigated within a
relativistic constituent quark model (RCQM) based on the light-front formalism and one-body
electromagnetic current operator {see refs. !-2)]. It is shown that the high momentum
components generated in the meson wave function by the short-range part of the effective qq
interaction of ref. 3), strongly affect the meson form factors. The agreement with existing
experimental data for the charge form factor of the pion can be obtained by introducing a
charge form factor for the constituent u and d quarks ')i whereas the description of the
radiative decay constant of p and co mesons requires the introduction of anomalous magnetic
moments for the constituent quarks. In particular, in fig. 1 our predictions for the charge form
factor of the pion and for the transition Try* -> p form factor are reported and compared with
available experimental data and the predictions 4"') of different relativistic approaches.
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Fig. 1. The charge form factor of the pion, Q2 F^CQ2) (a), and the transition Jty* -> p form
factor, Q4 Fn^Q 2) (b), versus the four-momentum transfer Q2. Dotted Jines: prediction of
the VMD model corresponding to a p (a) and (0 poles (b). Dot-dashed lines: results of the
Bethe-Salpeter approach of ref. 4) (a) and ref. 5) (b). Dashed lines: results obtained within
QCD sum rules in ref. 6) (a) and ref. 7) (b). Solid line: results of the present approach
obtained assuming isospin symmetry for the Dirac and Pauli form factors of the constituent u
and d quarks and adopting the meson wave function corresponding to the effective qq
interaction of ref. 3).

References
1) F. Cardarelli et al.: Phys. Lett. 332B (1994) 1.
2) F. Cardarelli, I. Grach, I. Narodetskii, G. Salme and S. Simula: to appear in Phys. Lett. B.
3) S. Godfrey and N. Isgur: Phys. Rev. D32 (1985) 185.
4) H. Ito, W. Buck and F. Gross: Phys. Lett. 287B (1992) 23.
5) H. Ito and F. Gross: Phys. Rev. Lett. 71 (1993) 2555.
6) V.A. Nesterenko and A.V. Radyushkin: Phys. Lett. 115B (1982) 410.
7) V. Braun and I. Halperin: Phys. Lett. 328B (1994) 457.



3 - 5

The pion-recoil current and quark-cluster effects of
electromagnetic form factors of the deuteron

Lan-chun Lu Yu-shu Zhong Tan-sheng Cheng
Physics Department, Peking Univeisity, Beijing, 100871, China

We investigate the effects of the pion-recoil entreat and fix-quark dusters on the three observ-
able*: charge monopole form factor Fc{f>)y magnetic itrncture function B{q*}, and tensor polarisation
TioU2) by using the hybrid quark-fcadron model (HQHM), in which meson exchanges and lix-quark
dusters are taken into account. These three observables have been measured over a wide range of
four momentum transfer in some experiments recently. Four types of contribution are included in
our HQHM: the impulse approximation (IA), the pion-pair current, the pion-recoil current with wave
function renormaliiation, and the six-quark contribution. The first three corresponds to external one-
body and two-body (r > r0) processes , and the last corresponds to internal two-body one (T < ra).
Fig. 1 (a), (b) and (c) show the results with and without pion-recoil current when Reid potential
is used. They indicate that pion-recoil effect is important. 7jo(g3) has a minimum^ and then rites
rapidly. The teudency is consistent with the new experiments but is contrary to the prediction of
PQCD. ""'

Fig. 1.

(o) (b) (e)
Fig. 2 (a), (b) and (c) show the three observables with different matching radius r0, B(q*) is

highly sensitive to r0. This means the six-quark cluster effect can not be ignored in B(q*). The
sensivity of TJ0(g3) and Fc(!*) to n> is seen obviously at large q, which indicate when q increases,
six-quark cluster effect becomes even more important.

Fig. 2.

Fig. 3 (a), (b) and (c) show that the three observables are sensitive to N - N potential used.
Although these potentials can be used to fit experiments, no one can do very well for all three ob-
servablos. It implies that we could not determine which potential is the best by invetisgating these
observables alone. Other obtervables must be consisdered.
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A UNIFIED DESCRIPTION OF THE BARYON SPECTRUM AND THE AW SYSTEM
IN A CONSTITUENT QUARK MODEL

A. Valcarce'", F. Fernandez1", P. Gonzalez*11, V. Vento*21

(1) Nuclear Physics Group, Facultad de Ciencias, 37QO8 Salamanca, Spain
(2) Departamento de Ffsica TeoYica, Universidad de Valencia, Spain

ABSTRACT: We solve the Schrodinger equation in the hyperspherical harmonics approach to study
the baryon spectrum using a quark-quark interaction which is able to reproduce the N-N phase shifts
and the deuteron properties. The results for the N and A spectra reproduce the experimental data.

During the last twenty years different quark model potentials have been successfully used to
study the baryon structure. The basic idea is to describe baryons as a bound state of three constituent
quarks of a non relativistic hamiltonian which incorporates the one-gluon exchange (OGE) at short
range and a scalar confining potential. In a pioneering work, Isgur and Karl introduced a harmonic
oscillator confining interaction supplemented by an unknown potential which takes into account the
deviation from the harmonic oscillator behaviour. The baryon spectra were obtained diagonalizing this
hamiltonian in a 2far configuration space. The success of such a description can be mainly ascribed
to the fact that the OGE interaction has an appropriate spin-isospin dependence which allows,
adjusting its strength, to reproduce the hyperfine splitting (e.g. A-N mass difference). However, to
reproduce the N-N phenomenology, one needs more complicated exchanges between quarks (e.g. one-
pion exchange) to explain the long range part of the interaction. But the one.pion exchange contributes
also to the hyperfine splitting, as a consequence the OGE strength decreases and the original
agreement may be destroyed. Therefore, to explain both systems at the same time is highly nor.trivial.

Recently the Salamanca-Tubingen group has developed a suitable way of joining the short
range part of the interaction with the medium and long range parts. They used one-pion and one-
sigma exchange potentials between quarks based on chiral symmetry considerations. The model has
been able to reproduce the N-N phase shifts and the deuteron properties [1,2,3].

In this contribution we discuss the
application of this interaction to the
description of the baryon spectrum, but
instead of diagonalizing the hamiltonian, we
solve the full Schrodinger equation using the
hyperspherical harmonics approach. We use
two different confining potentials, because it
is well known that N-N observables are
independent of it. In the Figure we show the
results for the linear confining interaction.
The agreement is very good even for the
Roper resonance and the negative parity.
However, the quadratic confining interaction
destroys the former agreement. Therefore,
we can conclude that the baryon spectrum
and N-N system can be described in a

1 consistent way in the framework of the
Salamanca-Tubingen quark cluster model.
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UGHTCONE QUARK MODEL OF HADRON STRUCTURE

Chucng-Ryong Ji
(INPC'95, Department of Physics, North Carolina State University,

Raleigh, North Carolina 27695-8202, U. S. A.)

The relativistic effects are crucial to describe the low-lying hadrons made of up, down
and strange quarks. Using the light-cone quantization approach1) to include the important
relativistic effects, we discuss the quark structure of meson, nuclcon and deuteron. The
distinguished features in this approach include the rotation problem, the simplicity of the
vacuum, the complexity of the operators and the Drell-Yan reference frame to make the
badly behaved current operators irrelevant in the calculation of hadron form factors. These
features arc illustrated in the construction of light-cone quark-model wavefunctions2) and
the calculation of the static properties and the form factors of meson, nucleon and deuteron.
Especially for the deuteron, the ratio of magnetic (A(Q2)) and electric (B(Q2)) structure
functions, the tensor polarization (T20) and the Q2 behavior of the helicity nonflip form
factor are compared with the present available experimental data. It is shown that the large
difference between the deuteron mass (M) and the QCD scale (AQCD) postpones the
momentum scale relevant to short distance physics to the scale at least 10 times larger than

V 2MAQCD rather than a naive estimate of AQCD in ^ comparison of A/B and T20 with the
experimental data. The universality of spin-one form factors will also be discussed.
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SEA QUARK EFFECT ON /

R. Nag* and S. Sanyalb

a3 Department of Physics, B.H.U., Varanasi 231005, INDIA

tO Computer Center. B.H. U. , Varanasi 331OOS, INDIA

Deep inelast ic p-p and JJ—d scattering experiments have

underlined the importance of qq degrees of freedom in baryons.

In particular, the New Muon Collaboration CNMO experiment

allows us to get a rea l i s t i c estimate of the extent of sea

quark admixtures in nucleons. Here, we will show that sea quark

effects also explain the ratio of the magnetic moment of the

proton and neutron Cu /u 3. Conventional quark models yield

iu /fJi = -1 .5 , assuming n = m. and e = -2e . . The observed valuep n u a u a
i s -1.4a. Thus, a small difference exists . Conventional

configuration mixing does not solve this puzzle . Including

sea quark effects , the total wavefunction Cwf3 of the proton i s

* = P3q V3q + £B-M PB-M ̂ -M
V^. is the conventional three quark wf with probability P_ .

Jq dq
The normalized • sea quark wf Vg_w consists of a product of

baryon cluster, a meson Cqq3 cluster and relative motion wf.

This product i s suitably antisymmetrized. Moreover, the quantum

numbers of the various cluster wf are coupled such that the

quantum numbers of the proton are reproduced. The sea quark

effects can come only from the yja u part of the wf. In this

paper, we have taken < B-M > = <N-rc, A-K, S-K, p-Tj'. p-7?>. The

probabilities are determined using NMC and the Neutrino - Charm

production experiment33. We find : PJ1_ =0.209; PA_K =0.027;

P^_K= 0.022; P 2 . ^ 0.01£;Pp =0.014; thus, p | =0.716. We

get /j s/j = -0.14S, which i s in . excellent agreement with the

observed value. We expect that the difference can be explained

i f higher order configurations are taken into account.

We acknowledge financial assistance from UGC ClndlaJ.

13 P. Amaudruz et a l , Phys. Rev. Lett. 66 C19913 2712.

23 S. L. Glashow, Physica A96 C197Q3 37.

33 S. A. Rabinowitz et a l , Phys. Rev. Lett. 7O C19035 134.
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BARYONS IN RELATTVISTIC QUARK MODEL

Stephen R. Cotanch, Adam Szczepaniak and Chueng-Ryong Ji
North Carolina State University, Raleigh, NC 27695-8202, USA

In several recent papers1' we have completed a comparative study of alternative,
relativistic quark models and analyzed observables for the low mass pseudo-scalar fla-
vored meson and baryon spectrum. We have also developed a variable quantization
plane approach for assessing covariance in any model and used this method to confirm
that relativity is essential for all form factor calculations. The model is based on the
Bakamjian-Thomas construction of the Poincare group generators for a fixed number •
of constituents (N = 2 for mesons and TV = 3 for baryons) with direct interactions').
The representation space and the wave functions are constructed for the mass operator
being a straightforward, relativistic generalization of the Isgur-Karl constituent quark

' model Hamiltonisn3). The mass operator is diagonalized in the harmonic oscillator basis
in which the local spin-spin interaction leads to a sizable configuration mixing for the
N and A ground states. In particular for the nucleon, the admixture of the 70,L=0
SU(&) x 0(3) representation to the 56, L = 0 h.o. ground state in the presence of the
spin-spin force leads to an excess of i (u) quarks in the neutron (proton) at larger dis-
tances and thus to the negative charge radius of the neutron, as measured. There has
been a long standing problem related to the possibility of a simultaneous description
of the neutron charge radius and the Fn(x)/Fp[x) structure function ratio of 1/4 as
the Bjo; ken scaling variable x approaches I4'. The configuration mixing which leads to
the negative charge radius of the neutron implies that in momentum space the d quark
peaks on average at smaller momenta that the u quark. Defining the scaling variable as
x = {Jin* + jpi* + pJ)/Mw, where m, and MH are the quark and nucleon masses respec-
tively leads to a positive slope of Fn(x)/Fr(x) as x —»1 in contradiction to experiment.
The solution to this puzzle is based on tL; observation that the. spin-spin interaction
introduces an important asymmetry in the valence quark potential energy and thus the
simple expression for x given above, which ignores this effect is inadequate. The results
of a structure function calculation with and without the spin-spin potential energy con-
tributions will be presented. Possibly related5) to the nucleon structure function ratio
is the known fall-off with increased z and.large Q7, of the if E to if A electroproduction
cross section ratio which will be accurately remcasured and longitudinally and trans-
verse separated at CEBAF. According we will also present the calculation of both A, £
form factors.

In summary, using a relativistic quark model many baryon observables have been
correctly calculated and the model parameters are consistent with our meson treatment.
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THE CONSTITUENT QUARK STRUCTURE

Adam Szczepaniak
North Carolina State University, Raleigh, NC 27695-8202, USA

The constituent quark was introduced over 30 years ago as a purely phenomenologi-
cal entity to allow for a description of color singlet hadrons as bound states of smaller
size objects, elements of the fundamental representation of color and flavour symmetry
groups. Since then the constituent quark model (CQM) has been successfully applied
to meson and baryons structure^and reactions. It is however still an open question
whether and if so how the constituent quark can be derived from QCJD. A naive va-
lence, constituent quark picture of hadrons cannot be right in particular when one
attempts to build a unified model that would account for both low and high energy
phenomena. There are also reasons within the CQM itself to introduce the constituent
quark structure1). The common wisdom is that massive, structured, constituent quarks .
emerge through dynamical chiral symmetry breaking3'. Many models leading to chiral
symmetryj>reaking have been proposed. The results of a study of dynamical chiral sym-
metry breaking and the quark structure in a Hamiltonian approach will be presented3'.
As an alternative to the model calculations new result?from QCD sumjule approach4'
will also be presented. The QCD calculation is based on the observation that in a static
chromoelectric background a light QCD quark resembles the light constituent quark in
a heavy meson with the quantum number of the Qq pair in the limit mg —> oo where
mq is the mass of the heavy quark. QCD sum rule techniques and the heavy quark
effective theory6) ire used to study the light quark energy and momentum distributions
in the constituent quark. In particular, the energy distribution turns out to be a broad
function of energy indicating a sizable constituent quark structure8'. Results of QCD
evolution will also be presented to show the effects of the perturbative gluon dressing
of the light quark7'. Implications for the decays of a heavy meson will be discussed.
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BARYON MAPPING OF QUARK SYSTEMS

Michelangelo Sambataro
Istituto Nazionale di Fisica Nucleate - Sezione di Catania;

Corso Italia, 57, 1-95129 Catania, Italy

Among the QCD-inspired quark models of baryons, non-relativistic constituent
models have attracted considerable attention in recent years. Here, baryons are
assumed to be clusters of three quarks, each of them carrying colour, spin and
isospin and interacting via a potential whose main terms are a confining and a hy-
perflne terms. These models have provided interesting results in the description
of single baryon properties and, based on that, attempts have been made to ex-
tend their application to the study of the baryon-baryon interaction as well as of
few-baryon bound systems. It is within this framework that mapping techniques
traditionally developped in nuclear physics for the description of collective exci-
tations and establishing a correspondence between systems of 2n fennions and
n bosons have been recently extended to the correspondence between systems of
3n fermions (quarks) and n fermions (baryons).

With reference to the three-colour extension of the Lipkin model developped
in [1], we have examined a procedure aimed at transferring the description of
a quark system from a space of three-quark colourless clusters into a space of
elementary baryons. The mechanism discussed has been a reelaboration of the
mapping procedure recently proposed in a study of the short-range nudeon-
nucleon interaction [2]. Special attention has been addressed now to the problem
of the formation of unphysical states in the mapped space.

The mapjnng procedure proposed has required, first, to establish a correspon-
dence between the quark cluster space and a space of elementary baryons. There-
fore, in correspondence to a generic quark operator, a baryon image has been de-
fined both in its hermitian and non-hermitian forms and its spectrum analyzed.
As a general result, this (equal in the two cases) has been found to consist of
a physical part containing exactly the same eigenvalues of the quark operator
in the cluster space and an unphysical part consisting only of zero eigenvalues.
The last ones emerge only as product of the mapping mechanism. A physical
subspace of the full baryon space has also been defined. Comparisons with the
results of [1] have been discussed.

1. S. Pittel, J.M. Arias, J. Dukelsky and A. Frank, Phys. Rev. C50 (1994)
423.

2. F. Catara and M. Sambataro, Nucl. Phys. A535 (1991) 605.-
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SEARCH FOR H-DIBARYON IN THE (K",K+) REACTION WITH SCINTILLATING
FIBER LIVE TARGET

Ken'ichi Imai (for KEK-E224 collaboration)
Department of Physics, Kyoto University, Kyoto 606, Japan

We have performed an experiment to search for the H-dibaryon (H) (ssuudd, l=J=0) at the KEK

proton synchrotron1). A newly developed scintillating fiber detector (SCIFI) was used as a live target

for the (K~,K+) reaction which was identified with a K+-spectrometer. The experiment is similar to the

previous one with the hybrid-emulsion technique (E176)2), but has several advantages. The SCIFI-

target is made of 500um square (ibers and has a sensitive volume of 8x8x10 cm3. A typical picture for

the (K',K+) reaction is shown in Fig.1. It is an ideal detector to identity the H by its decay such as H-

>I"p, if the lifetime of the H is similar to that of hyperons of which mean flight-tengths are about 1-2

cm at this low energy. The SCIF! is triggerable soThit much higher statistics can be achieved.

The H has been searched for through the two processes; 1) K"+C -> K++H+X, H->rp. 2) K>(p)

->K++E', (H'-C)atom -> H+X, H->E~p (A small fraction of S" is captured by C-atoms in the SCIFI.}. We

have studied about 7000 pictures of the (K~,K+) reactions, which are more than 10 times compared

with those obtained by the old bubble chamber experiments. The evidence for the H was not found.

Upper limits for production probability of the H have been obtained tor both processes (Fig.2). They

are already smaller than some theoretical predictions^), if an H exists. The present results have an

impact on the existence of the H or its production mechanism.

Other than the H-search, we have studied the mechanism of the (K",K+) reactions, which is the

double-charge and -strangeness exchange reaction, and H'-C Interaction through the (K',K+)

reaction and about hundred H"-C atoms observed in the SCIFI-target. These results are presented.
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Fig.1 Typical picture of the (K",K+) reaction

observed in the SCIFI detector.

Fig.2 Upper limit for the ratio ol the H to the quasifree

E" production from C(K",K+) reaction.
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A More Possible Dibaryon

F. Wang, Dept. of Phy&., Nanjing Univ. Nanjing, 210006, China
3. L. Ping, Dept. of Pays., Nanjing Normal Univ., Nanjing, 210024, China
G. H. Wn, and L. J. Teng, Inst. of Nod. Science and Technology, Sichuan Univ., Chengdu,

610064, China
T. Goldman, Theor. Division, LANL, Los Alamos, NM 67545, USA

All QCD models, including lattice QCD, predicted that there should be quasi-stable
dibaryon or dibaryon resonances. Experimentally up to now no well established candidate.
To improve the theoretical estimate of dibaryon states is very helpful for experimental search.
A QCD potential model, both relativistic and nonrelativistic, has been developed aimed to
give more reliable prediction on dibaryon states. The new ingredients of the model are ojiari
delocalization imitated from molecular physics and color screening based on unquenched lat-
tice QCD calculation. The relativistic version of this model fits the hadron spectroscopy and
the binding energy of the three and four body nuclei well [1]; the nonrelativistic version fits
N-N scattering data and the deuteron ground state well [J]. Both version of this model pre-
dicted that d* ( spin 3, isospin 0, strangeness 0, parity + ) is a narrow dibaryon resonance
with binding energy around 360 Mev [1,2] ( relative to the di-delta threshold ). This predic-
tion is not very sensitive to the model details because the quark delocalization and the color
magnetic interaction work together to lower the energy of the d*. this is different from the
H particle [3], where the effect of quark delocalization and color magnetic interaction cancels
each other and makes the binding energy estimate of H very sensitive to the model details.
The d* is coupled to NN and NNx channels through tensor coupling. This makes d* to be
a narrow resonance and hard to be detected in the NN and rd scattering due to the large
background, but it is possible to be detected in the following double charge exchange reaction

— n + d
1—•n + n + f

where the background can be supressed by the coincident measurement of the spectator n
and the emitted r+.
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DOES THE QUARK CLUSTER MODEL PREDICT
ANY ISOSPIN TWO DIBARYON RESONANCE?

A. Valcarce(1), H. Garcilazo(2\ F. Fernandcz(1)

(1) Grupo it Fisica Nuclear, E-37008 Salamanca, Spain
(2) Insiituto Polite'cnico National, M-077S8 Mejico

ABSTRACT: We present the predictions of a quark cluster model about a pos-
sible -KNN bound-state in the isospin two sector.

The possibility that a resonance may exist in the 0~ channel has been the subject
of great discussion recently l-1~3\ A 0~ resonance in the isospin-0 channel was proposed
in Ref. (1) in order to explain a peculiar behavior of the pionic double charge exchange
cross section in several nuclei. However, according to the calculations of Ref. (4),
most likely the resonance should have isospin 2. It is therefore interesting to study the
predictions of the quark cluster model about a resonance with those quantum numbers.
For this purpose we will use the Nucleon-Ajnteraction described in Ref. (5), constructed
from an interaction that describes the nucleon-nucleon system.

In order to determine the nature (attractive or repulsive) of a given NA channel,
we have calculated the Fredholm determinant as a function of energy. Only the channels
0+ and 0~ are attractive and~0~ has a bound state. The bound state in the 0~ channel
lies about 58 MeV below the NA threshold and consequently about 95 MeV above
the 7rJVJV threshold. Previous calculations of the isospin-2 channels have been based in
the three-body formalism of the 7rJVJV system ^4'6*. Our results provide some different
predictions. In particular, the three-body models predict a resonance in the 2~ channel
while our result is that this channel is repulsive. Both three-body calculations predict
a large attraction in the 0~ channel, in agreement with our model.

In order to find the precise location of the 0~ resonance we have calculated the
Argand diagram of the 3Po state, which is the only partial wave that exists in this
channel. The resonance lies at 2105 MeV and has a width of 5 MeV. The proposed
resonance C1"3) has a mass of 2065 MeV and a very small width of approximately
p.5 MeV. Our resonance, on the other hand, has a mass of 2105 MeV and a width
of 5 MeV. However, since we are not far from the wNN threshold, the width of the
resonance should become smaller if the mass gets closer to the irNN threshold. In order
to illustrate this effect, we multiplied our 3P<) NA potential by a factor such that the
mass of the resonance decreases and found that the width also decreases. In particular,
if we multiply the 3PQ potential by the factor 1.188, the mass becomes exactly 2065
MeV and the width drops to 0.4 MeV. Thus, our model seems to be able to generate
resonances with the correct features needed in order to explain the peculiar behavior of
the double charge exchange cross sections ^\
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HADRONIC MASSES IN THE OI EN FLAVOURS FROM RELATIVISTIC
HARMONIC CONFINEMENT MODEL (RHM)

P.C. Vinodkumar (Department of Physics, Sardar Patel University,.Vallabh Vidyanagar
388 120, Gujarat, India), V.M. Bannur (Institute of Plasma Research, Bhat,

Gandhihagar 382 424, India) and S.B. Khadkikar (Physical Research Laboratory,
Navrangpura, Ahmedabad 380 009, Gujarat, India).

The relalivistic harmonic confinement model (RHM) with scalar plus vector potential
of the form Vcony = 5 (I + 7o) A7r7 + B for the confinement of_quarks has found to be
one of the successful models to describe the hadronic properties and nucleon-nuclcon
interactions in a unified manner/1,2,3/, where 7,, isTri'e Dirac's four vector, /Tahcnj'are
the model (RHM) parameters/1/. Here we extended the RHM for computing hadron
masses in the open flavours including light and heavy flavoured quarks.

The energy eigenvalues of the confined quarks are given by the expression/1/ E* =
m2 + (2n + 1) (En + m)1/2 A,n > 1 where m = B + m, and m, is the current quark
mass of the q—flavoured quark. We compute the masses of the hadrons by adding the
individual contribution of the quark's intrinsic energy after correcting for spurious motion
of the centre in the same way as used for the study of light baryonic masses/1/. With the
same RHM parameters used for the study of light baryonic masses and their magnetic
moments/1/ we computed the energies for the centre of mass of the spin 1/2-spin 3/2
baryonic systems and the centre of mass of the scalar-vector mesonic systems in different
flavour combinations. The results are tabulated along with the respective experimental
values/4/. An overall general agreement with the experimental values are obtained from
the present study. We observe that for hadrons of mixed quark flavours the spurious mo-
tion of the centre may not be important if m^/mq < 0.1. However, an exact fine tuning
can be done only by incorporating the confined one-gluon-exchange potential between the
quarks.

1. S.B. Khadkikar and S.K. Gupta, Phys. Lett. B124 (1983) 523.

2. S.B. Khadkikar and K.B. Vijayakumar, Phys. Lett. B254 (1991) 320.

3. P.C. Vinodkumar and S.B. Khadkikar, Phys. Lett. B329 (1994) 81.

4. Particle Data Group, Phys. Rev. D (1992).

Table 1. Centre of mass fitted energies for the various hadrons along with the experimen-
tal values. Parameters used in our calculations are: A = 2165A/eV3/2, B = 160.6MeV
(from ref; / I / ) , mu = md = 0, m, = 230.0MeV, mc = 1314MeV, mb = 4536MeK. Be-
low given sequentially are Centre of mass fitted hadronic systems, Centre of mass fitted
energies in MeV (Theory) Experimental/4/).

(N,A) (1085), 1085; (£ ,£*) (1257) 1287;-(5,5') (1433), 1427; U" (1615), 1691; (*•,/>)
(647), 612; (K,K") (829), 793; <t> (1011), 1020; (;/c, J/rj>) (3068), 3068; {D,D') (1857),
1974; (D,,D',), (2039), 2074; T(l«) (9460), 9460; (B,B'), 5053, 5312; (B,,B'S) (5236),
5392; (Bc,Bt) (62C4), -; A+ (2277). 2285; =+ (2453), 2467; Wc (2630), 2740; A? (5465),
5641.
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QUASICLASSICAL TWO-DIMENSIONAL MODEL OF HADRON
STRUCTURE

G, Musulmanbekov
Joint Institute for Nuclear Research, LCTA,

141980, Dubna, Russia

The structure of hadrons is considered in the frame of stochastic mechanics that is
the reinterpretation of quantum mechanics based on classical mechanics plus stochastic
(quantum) vacuum (SV). Hadron in this picture is a set of imbedded into SV valence
quarks oscillating near the center of rest frame of hadron. Quark oscillation is due to
confiSy force which arises as the result of polarization of SV outside of valence quarks.
The model parameters adjasted allow us to conclude that in hadron correlated valence
quarks oscillation takes place on a plane so a hadron can be considered as quasiclas-
sical two-dimensional object. Polarization of SV outside of valence quarks when they
go apart from each other leads to a dressing of valence quark with seajquark-antiquark
pairs. At .this moment they are constituent quarks. However, when valence quftrkTduring
their oscillation are at the center of rest frame of hadron they are so close to each other
that polarization of SV is minimal and they can be considered as noninteracting current
(relativistic) quarks. This case corresponds to asymptotic freedom regime.

In this approach many unclear experimental facts concerning hadron and nucleus
structure and scattering processes get a transparent explanation. The model leads to
crystalline stucture of nuclei. We give some proposals and predictions for future experi-
ments. ~
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VIOLATIONS OF THE A/ = 1/2 RULE IN INDUCED NON-LEPTONIC
HYPERON DECAY

Kim Maltman1 and Mikhail Shmatikov'
'Dept. of Mathematics and Statistics, York Univ., 4700 Keele St.,

North York, Ontario, CANADA, M3J 1P3
'Russian Research Center "Kurchatov Institute", 123182, Moscow, Russia

The A/ = 1/2 rule is a prominent feature of the currently observed non-lerrtonic AS = 1
strangeness changing weak interactions (K — xi and hyperon decay), and has usually, in
consequence, been assumed as input for theoretical analyses 6FAJV - . AT AT1. In particular,
the meson-baryon_couplings which enter meson-exchange treatments of this process have
been assumed to satisfy the rule. While this is phenomenologically justified for the x
couplings, there is no experimental support for this treatment of other couplings. Here
we point out, from two different perspectives, that large violations of the A/ = 1/2 rule
should be expected in AJV r-» NN-

First we discuss the factorization contributions to the weak, AS = 1 SNp and Ztfp
couplings and demonstrate that these contributions strongly violate the A/ = 1/2 rule,
the difference from the case of the * couplings being the complete absence of the penguin
contributions (which receive a large chiral enhancement in the x coupling case). We also
find that the factorization contributions represent a sizeable fraction of (1) the parity
conserving couplings estimated in a pole model using ground state baryon poles, with
vector meson dominance to fix the baryon-vector meson strong, couplings and (2) the
parity violating coupling estimated via the SU(6)W treatment of Desplanques, Donoghue
and Holstein*. Indeed, defining the effective weak couplings by

>=

where q = p — {/ and cj/** is the p polarization vector, and using CVC for the baryon
vector current couplings, and experimental data for the baryon axial vector couplings,
we find, for the factorization contributions to the A -> pp~ couplings, in units of 10~7,
/J" = -4.1, f% = —6.6 (to be compared tc the ground state baryon pole contributions -10.5
and —11.3, respectively), and sjf = 2.9 (to be compared with the SU(6)W estimate 3.4). (The
factorization contributions to g% are related to a second class baryon form factor and
hence should be small - we have not attempted to estimate them.)

Second, we point out that a recent calculation3 ofJiN -. NN in which the quark
substructure of the baryons is modelled explicitly using the quark cluster model and in
which the non-relativistic reduction of the QCD-evolved effective weak Hamiltonian is
used, predicts large violations of the A/ = 1/2 rule in the 'So —• 'So, 3Po channels. The
situation for EAT -• NN is also discussed.
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HELICITY STRUCTURE OF THE NUCLEON AND THE GDH SUM
RULE
•J. P. Chen, CEBAF, 12000 Jefferson Ave., Newport News, VA 23606, USA,
Zh. Li, Christopher Newport University, Newport News, VA 2S606, USA,
C. S. Whisnant, University of South Carolina, Columbia, SC 29208, USA,
S. Gilad, MIT, Cambridge, MA 02139, USA.

With new development in polarized targets and polarized electron and photon
beams, study of the helicity structure of the nucleon and test of the GDH sum rule
become possible. Planned measurements at CEBAF will be discussed, with focus on
a proposed experiment to test GDH sum rule for the neutron using a new polarized
solid HD target.
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Screening masses in the QCD sum rule

Mitsui'ii l.sliii
Department of Physics.Kyoto University, Kyoto G0G-01,Japan

It has been an interesting issue whether there is ;uiy nonperturbative effect even above Tc,
the critical temperature. In particular, the screening mass in, which is defined by

J dxdydr < J l ' (r ,T)J'(0,0) > — . e—" for z

.7 s qTq, q : quark field,

•CO, (1)

(2)

(3)

has been investigated at finite temperature. It was shown by Elctsky and Ioffe that the screening
mass should be 2itT (3TTT) for a meson { baryon) as far as the interaction between quarks is
neglected1'. On the other hand, lattice simulations show that there is a significant deviation
from 2-wT only for the scalar-pseudoscalar channel even at T « 3TC

1J. This fact implies that
there remains nonperturbative effect above Tc at least for the n-o mode. At the same time,
the gluon condensate < G^G''"° > i s shown to be nonvanishing at T > Te by means of lattice
calculation3', in contrast to the < <jq > which is known to rapidly decrease down to zero around

r«.
We aim to relate these two features by tho help of the QCD sum rule, incorporating the effect

of the gluon condensate alone. Since the four-dimensional QCD is reduced to three dimensional
one at high temperature, we can perform the QCD sum rule calculation in the three dimensional
space. In Figl., we show the diagrams calculated. The screening masses are calculated both in
the 7r-a and the vector channel after Dorcl transform. The result is shown in Fig2., in which the
screening masses are given against temperature*'. We found that the gluon condensate gives the
splitting between the K-O and the vector channel while it does not reproduce the absolute value
for the screening masses. Wo guess this is due to the lack of O(cr,) order perturbative effect in
our approach. 1-zs

.0.4 0.5 0.6 0 7 0.8

Fig.l
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Antishadowmg effects in nucleon and
nucleus

Wei Zhu
Department of Physics, East China Normal University, Shanghai 200062, China

Abstract

The measurements of the protonjstiucture functions have fallen to the previ-
ously unexplored low x regime at HERA. To understand the behavior of parton
distributions in this new range becomes one of the most interesting and challenging
theoretical problems.

The GLR evolution equation has been used to predict the behaviors of the
structure functions of proton at small x region- However, the GLR equation doesn't
conserve the momentum of gluons. This defect has been ignored by most references.

We introduced the antishadowing effect in a modified GLR equation and re-
stored the momentum sum rule. We find that some important conclusions of the
GLR equation should bTrewntten in the modified GLR equation. We present the
antishadowing effects both in nucleon and nucleus by using the modified Gribov-
Levin-Ryskin evolution equation. The "hot spots"-solutions of the evolution equa-
tion axe compared with the HERA new data.
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THE RELATION BETWEEN INSTANTONS
AND NUCLEON STRUCTURE

Xiao-fu Lu1>3, Yu-xin Liu2'3 and En-guang Zhao3

^ Department of Physics, Sichuan University, Chengdu 610064, China1

2) Department of Physics, Peking University, Beijing 100871, China
3> Institute of Theoretical Physics, Academia Sinica, P. 0 . Box 2735,
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A scheme of combining the theory of many instantons and the effective Jjagrangian
of ̂ C!D is proposed to study the nucleon structure.~Under a reasonable approximation,
the QCD Lagrangian can be written asltn effective interaction'1'

S[B>] = -2VhIW» - r) + \M°B\X,y)} + J ̂ { f f f i , (D

where Af* = KaGiFc is determined by Fietz transformation in color, flavor and Lorentz
space and D{x - y) is defined by 6ab9lit,D(x) = D*(x) = -(0|r(Aj(x)A*(0))|0) . The
vacuum structure B9{x,y) can be described by a bilocal field B$(x,y) under the
condition

dS[B'(x,y))

From invariant analysis, Ward identity and instanton liquid approximation, we can get
two analytical expressions for constituent__guark njass and piqn decay, constant
respectively. The calculated constituent quark mass (at zero momentum) m, =344 MeV,
which is very reasonable. And the calculated pion decay constant fK = 97 MeV, which is
very closed to the experimental value 93 MeV. With this approach, the vacuum structure
of nonperturbative QCD can also be given as a local field

B(p) = ~FpW2(p), (3)

where ^(p) = *?£M*)K0{z) - /i(*)ffi(*)], with z = f and In{z)(KH(z))[n = 0,1)
are the first (second) kind modified Bessel functions of order n. And p is the average size
of an instanton. N/V is the average density of the instantons. e is a constant. Moreover,
a reasonable quark confinement potential is obtained as

where K is a positive decimal number.
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NN-POTENTIAL FROM THE QUARK CLUSTER MODEL

M.. Moulay
CDTN - 2. Bd F. Fanon, BP 1017 Alger-gare, Algeria

The subhadronic degrees of freedom are expected to play
a significant role in the 3hort-range part of the NN-
inter&ction. In a previous*5 approach a derivation of
the NN-potential has been proposed in the framework of
the statistical thermodynamical MIT bag model of
Takagi25, treating the two overlapping nucleons as a
six quarks bag. Although the obtained results are quite
reasonable, the ambiguities related to the common
understanding of the quark confinement were not
clarified.
In the present contribution, we propose a more
realistic picture for deriving the NN-potential based
on the clustered quark matter approach3*• The idea of a
mixture of quarks and hadrons (3q subsystems) does not
contradict the understanding of the confinement
mechanism. The NN-potential is taken of the ' form
V(r)»Er)-E(oo). The total energy E(r) of the two
clusters system is expressed as a function which
depends on the energy densities - and <j of the
massive clusters and a gas of quarks respectively.
Clusters and quarks are in chemical equilibrium
(3u«j - Ua) . The obtained results show that the
repulsive part of the interaction is due to the phase
transition clustered-unclustered quarks. This aspect
agrees with the definition of the "quark cluster
probabilities" of the ref.4.

References :
1. M. MOULAY. in Particles and Nuclei. Vol.11.

XIII Int. Conf. (Perugia-Italy, 1993) p.485.
2. F. Takagi, Phys. Rev. C35, 2226 (1987).
3. J.W. Clark et al., Phys. Rev. C33. 703 (1986).
4. M. Sato et al.. Phys. Rev. C33. 1062 (1986).
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THE CORNELL POTENTIAL WITH A MODIFIED CONFINEMENT TERM

R. Zazoun and N. Moulay
CDTN, 2 Bd. Frantz Fanon. B.P. 1017 Alger-Gare. Alger. ALGERIA

The Cornell _.potentiel, coulomb_plus linear term. has been
successfully used in describing the messajjnd barton spectra. In sane
cases a constant C with different values is added in order to obtain
satisfactory agreement with experiment1'. However, the pure J.inear
confinement,potential underestimates the experimental sum,jrules for
both cc and bb systems *, The purpose of the present work is to study
the cc, bb^nd ss .states using a modified .confinement term. The
potential is taken to~ Be~:

V(r) = - x / r + a r - b exp(- \ r) + C(A).
The parameters a. b and X. were obtained from experimental sum rule
data and thus, are model independent. The constant C is related_ to
the scale parameter A. The Coulomb constant « is extracted from cc and
bb data and calculated for si \ The wave_ functions and level
energies have been calculated using the constituent" quark masses of
ref.3).
As it is shown in the table, the obtained results for the spectrum of
qq systems are very close to
the experimental spin-averaged
levels and to typical values
found in the non-relativistic
calculations .
The present approach do not

requires adjusting of the
potential parameters and quark
masses. The value of C was
deduced for a scale parameter
A ^ 490 MeV which appears to
be consistent with the QCD
predictions. It is interesting
to note that the proposed
confinement term also gives a
good description for the light
quark systems and leads to a
correct behavior of V(r) at
intermediate radii

References
1) A.M. Badalyan. Sov.J.Nucl.Phys. 46 (1987) 708.
2) M.G. Olsson et al., Phys.Rev. D35 (1987) 1738.
3) E. Bagan et al.. CERN - TH. 7141 / 94.
4) S. Jacobs et al., Phys.Rev. D33 (1986).3338.
5) M.G. Olsson et al.. Phys.Rev.Lett. 57 (1986) 37.
6) R. Zazoun and M. Moulay, to be submitted for publication.
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QUARK EFFECTS, MESON EXCHANGE CURRENTS AND
BACKGROUND IN THE d(e,e'p)A REACTION

J. A. Gomez Tejedor and E. Oset*

Institiii flir Theoretische Physik der Universitat Tubingen, Tubingen, Germany
* Permanent address: Departmento de Fisica Tebrica and IF1C, Centra Mixto Uni versuda de

Valencia CSIC, 46100 Burjassot (Valencia), Spain

We have studied in detail the crosj_seciion£ for the d(e1e'p)A leading to the emission of a fast
nucleon and a A at rest, which has been advocated as a tool to investigate quark-effects in nuclei.
We find that ordinary meson exchange currents mechanisms dominate the quark exchange effects
in the region of excitation of the A and could be competitive at higher energies. Furthermore, at
these higher energies, the small cross sectfons for the quark signal, together with the presence of a
background about one order of magnitude bigger than the quark signal, make in. any case the
extraction of information about quark exchange currents effects extraordinarily difficult.
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NEW QCD SUM RULES FOR NUCLEONS IN NUCLEAR MATTER

R. J. Furnstahl," Xuemin Jin,6 and D. B. Leinweber6

(aDepartment of Physics, The Ohio State University, Columbus, OH 43210 USA)
{hTRIUMF, 4004 Wesbrook Mall, Vancouver, B.C. V6T 2AS CANADA)

Understanding the observed properties of hadrons in nuclei from the underlying the-
ory of the strong interaction, quantum chrpmodynamics (QCD), is a great challenge for
theoretical nuclear physics, since most nuclear phenomena cannot be treated by purely
perturbative methods-. In the absence of a full solution to QCD at low-energy scales, the
QCD sum-rule method is a promising approach to make connections between observed
nuclear phenomena and QCD.

Large and canceling Lorentz scalar and vector self-energies for propagating nucleons in
nuclear matter are fundamental elements in the phenoihenological successes of relativistic
nuclear physics. Significant progress in understanding the origin in QCD of such self-
energies has been made through the analysis of QCD sum rules generalized to finite
nucleon density.1'2 The predictions from these sum rules for the nucleon self-energies
are consistent with those obtained from relativistic models (e.g., the relativistic optical
potentials of Dirac phenomenology or Dirac-Brueckner calculations), but only given some
assumptions about particular ground-state matrix elements (condensates). Specifically,
the sum-rule results for the nucleon effective mass (scalar self-energy) are sensitive to the
assumed density dependence of certain dimension-six four-quark condensates, which is
not yet established.2

There are two obvious ways to proceed to clarify the situation. The first is to better
model the four-quark condensates and their density dependence. The second way is to
concentrate on sum rules that do not rely on the four-quark_cqndensates. We focus
here on the latter approach, by deriving new and independent, sum rules using a mixed
correlator with a spin-3/2 current and a spin-1/2 current for the nucleon. The spin-1/2
states (including the nucleon) are still projected as intermediate states, but one generates
additional sum rules for the scalar self-energy that are independent of the problematic
four-quark condensates. The analysis of these new sum rules, along with the conventional
nucleon sum rules (independent of four-quark condensates) that use spin-1/2 current only,
provide a clean test of the density, dependence of the scalar self-energy.3
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1) T. D. Cohen, R. J. Furnstahl, and D. K. Griegel, Phys. Rev. Lett. 67, 961 (1991).
2) R. J. Furnstahl, D. K. Griegel, and T. D. Cohen, Phys. Rev. C 46,. 1507 (1992);

X. Jin, M. Nielsen, T.D. Cohen, R. J. Furnstahl, and D. K. Griegel, Phys. Rev. C 49, 464
(1994)
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CHIRAL SYMMETRY RESTORATION IN SU(2) AND SU(3) EFFECTIVE
LAGRANGIANS OF QCD

M. Jaminon and B. Van den Bosschc
University of Liege, Institut de Physique B5, Sart TUman, B-4000 Liege 1, Belgium

We introduce two effective Lagrangians which implement the (JCDjrace anomaly. Within
these models, we study the temperature behavior of the quark and gluon condensates on the
one hand, and that of the pseudoscalaT meson masses on the other hand. We show that the
SU(3) version of the scaled models does not modify the u-quark and gluon SU(2)
condensates. However, this SU(3) version kills the predictive character of SU(2) for the
temperature behavior of the meson masses. We also present results for the thermodynamics of
a hot and strange system.
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p-u MIXING FROM SU(3) NAMBU-JONA-LASEVIO MODEL

Xuemin Jin and B, K. Jennings
[TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C. V6T SAS CANADA)

A wide variety of charge symmetry breaking (CSB) phenomena in nuclear physics ap-
pear to be well explained in terms of one-boson exchange potential, when electromagnetic
effects, the neutron-proton mass difference, an3Tsoscalar:isovector meson mixing are in-
cluded. In explaining a number of observed CBS phenomena, calculated contributions
from p° - w mixing play a important role (for example, the analyzing power difference in
n-p elastic scattering measured at IUCF and TRIUMF).

The standard assumption used in deriving the CSB potential (from p — w mixing) is
that the mixing amplitude is momentum independent with its (on-shell) value extracted
from the experimental data on e+e~ -> n+x~ at the w pole. This assumption has been
questioned recently as the exchanged mesons have spacelike momentum and are thus
highly virtual. A simple model, which uses free quark propagator, predicts a considerable
variation of the p° — u> mixing amplitude with momentum transfer.1 Subsequent studies
in other effective models and in QCD sum rule approach lead to similar conclusion: the
off-shell effect essentially obliterates the contribution of the p° — w mixing to the CSB
potential. If this result is correct, it may be necessary to find new sources of charge
symrnetryjbreaking in order to explain existing data.

We further investigate the momentum dependence of the p — w mixing within a gen-
eralzed SU(3) Nambu-Jona-Lasinio model, which incorporates all relevant symmetries
of QCD and might serve as a suitable approximation of QCD in the low-energy, long-
wavelength limit. The p-u mixing is obtained by simply dialing the up and down
current quark masses. The off-shell effect is studied and compared with the results from
other approaches.2

References
1) T Goldman, J. A. Henderson, and A. W. Thomas, Few Body Systems, 12, 123

(1992).
2) Xuemin Jin and B. K. Jennings, in preparation.
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QUARK c< »N HENS ATE IN NUCLEON AND PION-NUCLEON SIGMA TERM
BASED ON QCD-LIKE THEORY

Ynsuhiko Tsî p" and Hirotsugu Fujii*

"Department of Physics, Kochi University, Kochi 780, Japan
bDepartment oj Physics, Kyoto University, Kyoto 606-01, Japan

Properties of hadronsjn vacuum and/or in medium Lave extensively been studied by
use of various pffwfivo models which incorporate some aspects of the underlying quantum
chromodyjiamics (QCD). In spite of many successful and interesting results of such models,
it is surely desirable to investigate the properties of hadrons under a certain condition, such
as in the finite density, from the standpoint of QCD in more direct way. It is, however, a very
involved problem due to the nonperturbative nature of QCD. As the first step, we apply the
renormajization-group(RG)-improved ladder approximation for Schwinger-Dyso.n equation
of XJCD to hadron physics. This approximation has recently been proposed [1], to the
process of the dynamical.chir.al. symmetry breaking. Here, we evaluate the quark condensate
in nucleon and the pion-nucleon si^ma term in the RG-improved ladder approximation.

The essential idea is from [1] : (i) The interactions between current, quarks are restricted •
within the one-gluon exchange, so that gluon field is integrated out witff ignoring the self-
interaction_of_gluons. (ii) The non-Abelian nature is taken into account in the running
of the cou£ling_cojostant by the renonnalization group equation, that is 32{Q2) — [&o/2 •
ln(Q2/A2

QcD)]~1, where &o = (l/8?r2)-(llAr
c-2iV/)/3. (Here, we take Nc = 3 and Nf = 3.)

(iii) In the very infrared (non-perturbative) region which is characterized as Q2 < pip2, the
coupling constant stops "running" and it is taken as constant coupling. This procedure is'
called Higashijima-Miransky approximation.

Following the procedure mentioned above, the dynamical quark mass Mq, the quark
condensate in vacuum (0| qq |0), the pion decay constant fT and pion mass mT are calculated,
regarding AQCD and PIF as input parameters. We have extended our calculation to the quark
condensate in nucleon (qq)Pi in the low density expansion of the quark condensate [2] and the
pion-nucleon sigma term oyjv owing to the Feynman-Hellmann theorem [3]. We summarize
our results in the following table, it is found that tills approach is a good one to investigate
the hadronic properties based on QCD.

771 = 5.5 MeV

Mq

/ - •

(o|w|o)1 G c V

Theory
313.3 MeV

99 MeV

( - 2 4 1 MeV)3

125 MeV

42 MeV

( - 2 0 8 MeV)3

Experiment

93 MeV

(-225±25MeV)3

135 OT140 MeV

45 ± 7 MeV

Table : Input parameters A Q Q Q and p\f are taken as 2.6 GeV and 3.2 GeV, respectively. The current quark mass
is taken aa 5.5 MeV for v and d quarks.
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[3] V. Bernard, R. L. J.iffe and Ulf-G. MeiOner, Phys. Lett. B298 (1937), 92.
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NUCLEON-NUCLEON CORRELATIONS AND SIX-QUARK CLUSTER EFFECTS IN
SEMI-INCLUSIVE DEEP INELASTIC LEPTON SCATTERING OFF NUCLEI

Silvano Simula

Istituto Nazionale di Fisica Nucleare, Sezione Sanitd
Viale Regina Elena 299,1-Q0161 Roma (ITALY)

The energy_,djstribution of nucleons produced in semi-inclusive deep inelastic scattering
(DIS) of leptons off nuclei is analyzed, assuming that the virtual boson absorption occurs on a
hadronicjcluster which can be either a nucleon-nucleon (NN), correlated pair or a sixHjuark
(6<0.b§g- Following refs. '"3), the former case is investigated within the so-called spectator

f
0 g Following refs. '"3), the former case is investigated within the so-called spectator

mechanism, according to which, after lepjon interaction with a quark belonging to a nucleon
of a correlated NM pair, the recoiling nucleon is emitted and detected in coincidence with the
scattered leptonT whereas in the latter case the nucleon energy spectra are obtained assuming
that the virtual boson interacts with a quark belonging to a 6q bag and the forward and
backward nucleons are produced out of the penta-quark residuum. The differences produced
•in the energy distribution of nucleons emitted in the forward and backward directions are
analyzed both at x<l and x>l; it is shown that such, differences can provide an interesting tool
to investigate the presence of a 6q bag component in nuclei. In this contribution particular
attention is devoted to the case of a deuteron target, due to the fact that nucleon emission
resulting from quasi-elastic scattering processes off the deuteron can be disentangled
kinematically from the nucleon production due to DIS events. Thus, the DIS contribution tc
the semi-inclusive cross section for lepton scattering processes off the deuteron is investigated
at moderate values of Q2, which can be reached at present facilities, like e.g. CEBAF. In
particular, as is shown in fig. 1, forward emission at x>l appears to be the appropriate
kinematical condition for studying six-quark cluster configurations in the deuteron, provided
that the kinetic energy of the detected nucleon is larger than - 500 MeV.

H(e,e'D )X
forward

100 300 500 700 900
T (MeV)

p

REFERENCES

Fig. 1. The semi-inclusive DIS cross section for the
process 2H(e,e'p)X versus the kinetic energy Tp of
the proton detected in the lab system in the forward
hemisphere at 8p=20°, when X=Q2/2MV=1.4 and
Q2= 8 (GeV/c)2. The solid line is the contribution
due to virtual photon absorption on a quark
belonging to a nucleon in the deuteron, including
also the effects arising from the target
fragmentation of the struck nucleon, estimated as in
ref. ')• The dashed line is the contribution resulting
from virtual photon absorption on a quark
belonging to a 6q bag, assuming a value of 5% for
the total probability of the sig-quark bag component
in the deuteron, according to ref.4).

1) C. Ciofi degli Atti and S. Simula: Phys. Lett. 319B (1993) 23.
2) C. Ciofi degli Atti and S. Simula: to appear in Few-Body Systems.
3) S. Simula: Proceedings of the Workshop CEBAF at Higher Energies (CEBAF, April 14-

16,1994), edited by N. Isgur and P. Staler; pg. 379.
4) G. Yen, J.P. Vary, A. Harindranath and H.J. Pirner: Phys. Rev. C42 (1990) 1665.
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NUCLEON-NUCLEON CORRELATIONS IN INCLUSIVE ELECTRON SCATTERING
OFF NUCLEI AT X>1

Silvano Simula

Istituto Nazionale di Fisica Nucleare, Sezione Sanita
Viale Regina Elena 299,1-00161 Roma (ITALY)

Inclusive electron scattering off nuclei is investigated at high momentum transfer (Q2 > 1
(GeV/cT*) and x>l (where x=Q2/2Mv is the Bjorken scaling variable), including
contributions both from quasi-elastic (QE) and deep inelastic scattering (DIS) processes. In
the former case the evaluation 6T the inclusive cross section is performed within the approach
of ref. ' ) , where the effects from final_state interaction (FSI) are evaluated adopting a
consistent treatment of nucleon-nucleon(NNrcorrelations in initial and final nuclear states.
As for the DIS processes, tfie T!ontrir5utioris"arTsing from nucleon inelastic channels are
evaluated within a convolution approach based on the impulse approximation. In this
contribution it is shown that at x>l the behaviour of the inclusive DIS cross section is
dominated by the process of virtual photon absorption on a pair of correlated nucleons, as it is'
the case of the inclusive QE cross section [see ref. ')]. It is also shown that the treatment of
nuclear effects requires a particular care both in case of QE and DIS processes, improving the
two-nucleon correlation model of ref.2) by taking into account the effects resulting from the
binding and the center-of-mass motion of a correlated NN pair in the medium. The ratio of
the inclusive cross section of a complex nucleus to that of the deuteron [R(A/D)]is analyzed
in details both in case of QE and DIS regimes. In particular, in fig. 1 it is shown that the ratio
R{A/D) as a function of Q2 at fixed values of x is sensitive to contributions arising from
possible modifications of the structure function of a nucleon bound in a nucleus, like e.g. the
point-like-configuration suppression proposed in ref. 2), or resulting from the possible
presence of exotic components in the nuclear wave function, like e.g. six-quark bags 3).

10 15 20

REFERENCES
Q2 (GeV/c)2

Fig. !. Ratio of the inclusive cross section (per
nucleon) of the process ^Fe(e,e')X j 0 that of the
process 2H(e,e')X versus the four-momentum
transfer Q2, when x=Q2/2Mv= 1.5. The solid line
corresponds to the results of the calculations
obtained using free nucleon structure functions,
whereas the dotted line includes the effects of the
point-like-configuration (pic) suppression proposed
in ref. 2 ) . The dashed line is the results of the
calculations obtained assuming an admixture of a
six-quark bag (6q) component in the nuclear wave
function, according to ref. \ Full dots represent the
experimental data from SLAC *). All the curves
include the contributions from quasi-elastic
scattering processes evaluated as in ref. ').

1) C. Ciofi degli Atti and S. Simula: Phys. Lett. 325B (1994) 276; Proc. of the XIV Int. Conf.
on Few-Body Problems in Physics, Williamsburg (USA), May 26-31,1994, in press.

2) L.L. Frankfurt and M.I. Strikman: Phys. Rep. 160 (1988) 235.
3) G. Yen, J.P. Vary, A. Harindranath and H.J. Pirner: Phys. Rev. C42 (1990) 1665.
4) D.B. Day et al.: Phys. Rev. C48 (1993) 1849.
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INTERACTING IDEAL QUARKS AND MESONS IN
NAMBU-JONA-LASINIO MODEL

Kazunari Kaneko
Department of Physics, Kyushu Sangyo University, Matsukadai 2-chome,

Higashi-ku, Fukuoka 813 Japan

We propose a new quark-meson representation1^ in relativistic quark .systems,
the Nambu-Jona-Lasinio (NJL) model , which has recently received increasing at-
tention in connection with the low-energy properties of hadrons. The fact that
quarks are fermions enables us to use a boson-fermion expansion! theory,3^ from which
we first derive a boson-fermion representation in the NJL model. The basic idea
is to regard the quark-pairs (ipip) as bosons at zero-th order approximation. Then,
we can separate the degrees of .freedom of the quark-pairs from the whole degrees
of freedom of the quarks rigorously in terms of the bosons and ideal quarks. The
ideal quarks do not satisfy the anticommutation relations of conventional fermions,
since the double counting of degrees of freedom of both the quark-pairs and the
quarks has been eliminated. Secondly, we examine the collective excitations in this
boson-fermion system from the viewpoint of the mean-field theory.*5 Mesons are
considered to be collective modes of the boson fields (mean-fields), which are small
fluctuations around the static field. Then, we can find two kinds of solutions for
the collective modes: one is a pseudoscalar mode corresponding to a pion, which
is related to dynamical chiral symmetry breaking, and the other is a scalar boson
with twice the ideal-quark mass. Moreover, since the ideal quarks are dressed par-
ticles independent of the mesons, we can derive the Hamiltpnian of the interacting
ideal quarks and mesons. Finally, we discuss the result obtained from the numerical
calculation.

References

1) K. Kaneko, Phys. Rev. C 49(1994)2805.

2) Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122(1961)345; 124(i961)246.

3) T. Suzuki, M. Fuyuki and K. Matsuyanagi, Prog. Theor. Phys. 61(1979)1082.

4) J. da. Providencia, M. C. Ruivo and C. A. de Sousa, Phys. Rev. D 36(1987)1882.



3-32

A MASS FORMULA FOR STRANGELETS

L. Satpathy, P. K. Sahu and V.S. Uma Maheswari
Institute of Physics, Bhubaneswar - 751 005, India.

The possibility of strange quark matter to be the ground state of QCD and the prob-
able stability of such matter in finite lumps called as strangelets, speculated by many
authors has generated a spurt of activity during the last few years. The general frame-
work adopted for such studies has been the relativistic. Fenni gas model with relevant
QCD paramters like the bag constant B, strong coupling constant ae and the strange
quark massLrn,. Due to the large uncertainity in these paramters, it has not yet been
possible to arrive at a conclusive result. During the last two decades, extensive applica-
tion of non-relativistic potential models to the description of ground-state, excited-state
and spectroscopic properties of baryons and mesons have been amazingly successful. In
view of this, and due to the momentous nature of the problem of stability of strangelets
and its far reaching consequences, we have developed a mass formula1* based on a non-
relativistic approach. Our study has the advantage of reliable estimation of the various
coefficients with practically no parameter except the baryon number density.

The total mass of a system of quarks confined in a sperical box is calculated using
the Balian and Bloch2' density of states. Taking into account the effects of Coulomb
interaction, centeTot mass correction and rest mass energy, we obtain the total mass'of
a 3A particle system as, M{A) = av + a,vl-1/3 + a^A'2^ + aCmZ2A-*13. The various
coefficients are analytically determined1'. In Fig.(l), we plot MvfA — MN versus / , to
study the stability of strangelets in our model, where masses of JV, A, E and ft are shown
as solid dots. It can be seen that strangelets are unstable against micleon and A decay
even at the optimum value of / , = 0.7. As M\ is greater than Ms, the nucleon decay will
be more probable than A particle. By this mode of decay, the system is driven towards
a state of greater strangeness, which is energetically possible as long as dtjdj, < e/f,,
with e = Mv/A — Ms- At this state of hyperstrangeness, the system is unstable against
E and (I particles. Under these conditions, strangelets can be formed in a metastable,
which can then decay only via weak leptonic decay process. Our study also predicts
low charge-to-mass ratio as the characteristic signature of strangelets in agreement with
the relativistic studies. Thus, a consistent study for the first time is successfully made
within a non-relativistic approach. 100°

1) L. Satpathy, P.K. Sahu and V.S. Uma Maheswari, Phys.Rev.D49 (1994)4642.
2) R. Balian and C. Bloch, Ann.Phys. 60 (1970) 401.
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EXISTENCE AND EFFECTS OF VIRTUAL QUARK-ANTIQUARK

CLUSTERS IN NUCLEONS AND NUCLEI

C. Boros, Liang Zuo-Ung and Meng Ta-chung

(to be presented by Meng Ta-chung)

Institut fur theoretische Physik, Freie Universitat Berlin

Arnimallee 14, 14195 Berlin, Germany

It is shown that the violation of Bjorken-scaling and the occurrence of large

rapidity gap events observed in the large-Q2 and small-is region of deep in-

elastic electron-proton scattering at HERA are intimately related to each other.

They reflect the existence and the space-time properties of short-lived colored

and colorless virtual quark-antiquark clusters which can be detected by the vir-

tual photons in such proceses. A simple calculable model which contains two

parameters is used to demonstrate the validity of the proposed picture and to

perform quantitative calculations. Related nuclear effects which have been/can

be observed in lepton-nucleus collisions are discussed. It is pointed out that ac-

cording to-the proposed picture "nuclear shadowing" is" expected in the small-i^

region in which the Q2-values are sufficiently large. A detailed comparison with

the existing data are presented. Further experiments are suggested.
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ORBITING VALENCE QUARKS AND SPIN ASYMMETRY

IN HIGH ENERGY COLLISIONS

C. Boros, Liang Zuo-tang and Meng Ta-chung

(to be presented by Liang Zuo-tang)

Institut fur theoretische Physik, Freie Universitat Berlin

Arnimallee 14, 14195 Berlin, Germany

Theoretical arguments and experimental facts are presented which explicitly

show [1,2,3] the following: (a) Orbital motion has to be taken into account when

quarks are treated as Dirac particles in a confining field, (b) Relativistic quark

models based on this observation can describe the well-known static properties in

particular the magnetic moments of the baryons, and the striking results on left-

right asymmetry obtained by FNAL E704 Collaboration, (c) Left-right asymme-

tries are expected to exist in future single-spin inclusive production experiments;

and quantitative predictions can be made for those planned at DESY, Fermilab,

Protivino and RHIC. (d) Orbital motion of the valence quarks significantly influ-

ences the spin-dependent as well as the spin-averaged structure functions of the

nucleon; it can in particular lead to the observed "very small contribution of the

quark-spin to proton-spin" and the observed violation of Gottfried sum rule.

[1] Liang Zuo-tang and Meng Ta-chung: Z. Phys. A 344, 171 (1992);

Phys. Rev. D 49, 3759 (1994).

[2] C. Boros, Liang Zuo-tang and Meng Ta-chung:

Phys. Rev. Lett. 70, 1951 (1993); Phys. Rev. D, in press.

[3] Liang Zuo-tang , Meng Ta-chung and R. Rittel: submitted to Phys. Rev. D.
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PROTON AND DEUTERON

SPIN STRUCTURE MEASUREMENT AT SLAC E14S

Tingjun Liu, I.N.P.P., Univ. of Virginia, Charlottesville, USA

E143'1' was a high precision measurement of the proton and deuteron sjjin struc-
ture functions g\ and 02 in SLAC's End Station A facility, witK longitudinally*and
fransverseTy polarized NH3 and ND3 targets, and a longitudinally polarized electron
beam. The experiment was done at beam energies ofjil^ 16 and 9.7 Gey. The scat-
tered electrons were detected by two spectrometers lit C5° and~7D relative to the
incident electron beam. At beam energy of 29 Gev, the measurements covered the
x range from 0.03 to 0.8, and the Q* range from 1.3 (GeV/c)3 to 10 (GeV/c)2 . It
was found that the /J </f (1, Qi)dx is more than two standard deviations away from
the Ellis-Jaffe sum rule, and the corresponding deuteron integral is more than three
standard deviations away from the Ellis-Jaife's rule, but the Bjorken sum rule is con-
sistent with the experimental data. Tests of the sum rules at different values of Q2,
and the implications of these results for the quark-parton model have also been done.

Reference

"Supported by the Department of energy, contract DE-FG0586ER40261

[1]E143 collaboration (R. G. Arnold et al, ) Precision Measurement of the Proton
Spin Structure Function g\ , SLAC-PUB-6508, Aug. 94.
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The Nucleon's Tensor Charge from QCD Sum Rules

He Hanxin1)* and Ji Xiangdong2'
1) China IiutituU of Atomic Energy, P. O. Box 275, Beijing 102413, Chins

2) The Center fcr Theoretical Phyiici. MIT. Cambridge, MA02139, USA

The ploarized nucleon structure function are important observable quantities that charac-
t jrize the structure of the nucleon. It has been shown that there exist two kinds of polarized
nucleon structure function? of the lowest twist-two, the chixality-even nucleon structure function
<7i(x), and the chirality-odd one /i1(a;)t1]. They satisfy the following sum rules:

r1 z1

/ gi(x)dx ~ gA(Q), I
JO JO

where JA is the nucleon's axial charge and gr(0) the nucleon's tensor charge. Therefore, gr like
gA is one of the fundamental parameters characterizing nucleon properties and has important
role in the study of nucleon structure functions. So far, there are no experimental data on 57 (0)
and hi(x).

The nucleon's tensor charge is denned as the forward matrix element of the tensor current in
the nucleon state. We calculate the nucleon's tensor charge by using the QCD sum rules'2'. The
start point is the three-point correlation function of nucleon and tensor currents. The nucleon's
tensor charge can be introduced phenomenologically in the nudeon-meson picture for the cor-
relator. On the other hand, the correlator at large spacelike momenta can be evaluated using
an operator product expansion in the frame of QCD. By equating these two different represen-
tations of the correlator according to theory duality, we obtain QCD sum rules, which relate
the nucleon's tensor charge to QCD Lagrangian paramenters and condensates characterizing
nonpert'-rbation features of QCD vacuum. The matching of the QCD and phenomenological
descriptions is improved by the Borel transform. There are three different Dirac structure Wjp
/<V<A ivitr^u, v>3{t>, c^v}, each of which can be used to construct a sum sule and extract the ten-
sor charge gj. Including the contributions up to dimension 6 in the operator product expansion,
we obtain

Sx(0) « 1.24 ± 0.30

The further work is to improve the predictive accuracy. We shall consider the contributions
up to dimension 8, and also make calculation from different approach of two-point correlation
function, which are in proceeding.

References

[l] R. L. Jaffe and X. Ji, Phys. Rev. Lett. ^7(1991)552.

[2] H. X. He and X. Ji, MIT-CTP-2380, submitted to Phys. Rev. D.
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A NEW MECHANICS OF CONFINEMENT

Ping TANG
(INPC'95, Technical Physics Department, Peking University, Beijing 100871,

China)

In this work, a new idea of confinement is proposed. In contrast to the tradi-
tional idea in which confinement is supposed to come from infinite potential of QCD
flux tube, in this mechanics the confinement comes from strong couplingjjonslant.'
Its physical idea is related to supercritical field of hydrogen-like atoms. This con-
finement can exist in any gauge ̂ theory, but the critical^points of coupling constant
are different. For U(l) theory, a ~ 1, and for SU(N) theory, a ~ N/2(N2 - 1).
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NUCLEON FORM FACTORS AND STRUCTURE FUNCTIONS
IN CENTER-OF-MASS BAG MODEL

X.Song
Institute of Nuclear and Particle Physics, Department of Physics

University of Virginia,Charlottesville,VA 22901

The nucleon form factors and structure functions are determined by the global and local
quark structure of the nucleon. To deseribe the nucleon structure, many QCD inspired
quark mottles have been developed. In the nonrelativistic SU(3) flavor ®U(2)spin6(3)Space

quark model, the Center-of-Mass (CM) motion can well be separated from the internal
relative motion. However, this separation can not be done in the relatistic quark models.
For the MIT ba& model the CM is at rest and the CM degree of freedom has been
disregarded. This does not matter for describing the mass spectroscopy of hadrons, but
does matter for the decay and scatering processes where die recoil effect can not be
ignored. An attempt to restore the 4-momentum conservation and include the effects of
the spectator quarks was given in the CM bag model a decade ago. In this model the
effective nucleon electromagnetic current satisfies the translational invariance. In the past
several years the model has been improved by mcorporating the symmetry breaking effect
coming from spin-dependent quark interactions. Within this model, the elastic
electromagnetic form factors and deep inelastic polaizcd and unpolarized structure
functions for free nucleon are calculated and compared with the most recent data. The
results confirm that both recoil, effect and symmetry breaking effect are essential for
describing the nucleon form factors and structure functions.
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QCD IN CHARGED MULTIPT.TCTTY TN HAnRON-HanRnN ANT)
HAPRON-NUCLEUS INTERACTIONS

J . P . Gupta and S.P. Goel,
Department o f Phys i c s , Agra Univers i ty , Agra (India)

The mechanism of Jet production in hadron-hadron
and badron-nucleus interactions i s studied and an attempt
i s made to parametrize the mean charged multiplicities in
hadron-hadron and hadron-nucleus col l is ions by taking into
account certain features of QCD. The present parametrization
assumes that the available centre of mass energy i s shared
equally by 'V 1 nucleons of the target, lying in a tube of
the target along the beam trajectory. The thermodynamic
model of particle production, in hadron-hadron interaction,
i s modified by assuming < n ^ n a d r o n ^ < n > g l u o n an<1

gluon —*. quark pair •—+ hadron. In the case of charged
multiplicity the leading particle contribution \ should be
subtracted. Thus, the parametrization for hadron-hadron
interaction has the following form -

. ^"ctr* hh - A + B In sA + C(ln s A ) 2 - X h

In the case of hadron-nucleus interaction, the
independent contribution of • • nucleons i s assumed to
take place in final state multiplicity.

< n c h > h A " [A + B m<s A / » 2 ) + C ( 1 1 1 ( 8 ^ 2 ) j 2 j

The values of ' V are considered on the basis of the
'Geometrical Wounded nucleon model', in which the wounded
nucleon bleeds secondaries only once. The parametres have
their origin in basic quark-gluon interactions and values
of these are evaluated with the help of QCD.
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QUARK MATTER IN THE CHIRAL CHROMODIELECTRIC MODEL

A. Drago", M. Fiolhais*, Ü. Tambini0

° Dipartimento di Fisica, Université di Ferrara and INFN, Sezione di Ferrara, 1-44100 Fer-
rara, Italy

b Departamento de Ffsica and Centre de Ftsica Te6rica, Universidade de Coimbra, P-3000
Coimbra, Portugal

We present a sistematic investigation of the equation of state (EOS) of quark matter in the
framework of the chiral chromodielectric model (CDM)1) at zero temperature. This is a model
of interacting quarks, chiral (<r and ir) mesons and a confining scalar isoscalai field (x). The
coupling between these fields is of the form (* J q(c+i^f.-n)q. The problem has already been
considered by other groups2). Here the emphasis is on the possibity of discriminating between
the various versions of the chiral CDM.

In a first step of our study the single baryon sector of the model is considered and hedgehog
solutions with three quarks absolutely confined can be obtained. After performing standard
projections on angular momentum, isospin and linear momentum, model states representing
the nucléon can be constructed and several static3) and dynamical4) nucléon properties can be
computed. We use the average nucléon and delta masses and the isoscalar radius of the nucléon
to fix the model parameters. The chiral CDM is then considered in its various versions, all
yielding sensible results for single nucléon properties, to perform an exhaustive analysis of the
EOS for quark matter. It turns out that only the version of the model where confinement is
imposed in the smoothest way (p = 1 and a quadratic potential for the \ field) gives meaningful
results. When nucléon properties are fitted, other versions give exceedingly low energies per
baryon number for quark matter.

For the relevant version of the chiral CDM, the EOS for quark matter is almost identical
to that of nuclear matter as computed using the Walecka model, for the range of densities
Pcq < P < 2peq- At densities smaller than peq the energy per baryon increases rapidly for quark
matter while for densities higher than 2pcq the quark matter is the energetically most favourable
state. This result does not depend on the fine tuning of the parameters. The quark matter is
stable at intermediate and high densities, in particular in the region where it is supposed to be
the ground state of matter. It becomes unstable at densities of the order />e?/2.
References

1) A. Drago, M. Fiolhais, U. Tambini, Quark matter in the chiral chromodielectric model,

Nucl. Pbys. A, in print
2) W. Broniowski, M. Cibej, M. Kutshera and M. Rosina, Phys. Rev. D41 (1990) 285;

J. McGovern, M.C. Birse and D. Spanos, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1561
3) M. Fiolhais,-T. Neuber, K. Goeke and J.N. Urbano, Nucl. Phys. A 560 (1993) 909
4) T. Neuber, M. Fiolhais and K. Goeke, Nucl. Phys. A 570(1994) 782;

V. Barone, A. Drago, M. Fiolhais, Phys. Lett. B338 (1994) 433



3-41

FUTURE SPIN STRUCTURE MEASUREMENTS AT SLAC

J.S. McCarthy
Institute of Nuclear and Particle Physics, Department of Physics,

University of Virginia, Charlottesville, VA 22901

Measniements of the nucleon spin structure functions are necessary to provide
fundamental tests of QCD and the quark structure of hadrons. Deep inelastic electron or
muon scattering with polarized beams and polarized targets directly probes the distribution
of the spin on the nucleon quark constituents. In the past several years a new generation of
experiments by the SMC group at CERN and E143 at SLAC have provied new data that
considerably extend the previous limited results from EMC and SLAC more than decade
ago. These new data offer the chance to see the dirtributions with precision and enough
kinematic coverage to be effective tests of the sum rules. At one end of the kinematical
range, in the very deep inelastic scattering region, the work of the SMC and E143
experiments needs to be extended to give a good picture of the momentum transfer Q^
dependence of the spin structure function gi(x,Q^). The need to fill a wide gap of Q^
between the SMC and E143 experiments and to extend the low x range at the highest
attainable value of Q2 has motivted the approval of SLAC El55. which will use an
improvedversion of the polarized target used for the successful El 43 run. Using electrons
of up to 52 GeVJjeam energy, El 55 will extend x down to about 0.012 while remaining at
Q>1 GeV2 ' with two spictrmeters. It will add two more valuable sets of data points to
our knowledge of the spin structure functions in the entire range of x, and in a broader and
more detail range of (
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Quark binding Potential and

Deconfinement of Heavy Quark

Resonances

Liu Bo and Dong Yu-Bing

CCAST(World Laboratory), P.OJBox 8730, Bejjing 100080, China,

Institute of High Energy Physics, Academia Sinica, Beijing 100039, China

Abstract

We suggest a quark binding potential at finite temperature to study the

dissolution of heavy quark resonances in a non-relativistic approximation. The

critical values of the Debye screening length are calculated. Our calculations

show that the critical value Te
D of the Debye screening length is sensitive to the

form of the quark binding potential at finite temperature. We also estimate

the critical temperatures for deconfinement of heavy quark resonances. The

effects of the form of the quark binding potentials on dissolution for heavy

quark resonances are discussed and compared to the previous results.
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PCAC RELATIONSHIP REVISITED

S.Ying
(Theory Group, Physics Department, Pudan Untvemty Shanghai £00433, China)

We explore a consistent way to extend the partially conserved axial vector current (PCAC)
relation and corresponding current algebra result! in two strongly correlated directions: l ) towards
a search for a set of systematic rules for the establishment of PCAC related relations in a finite low
momentum transfer region, and, for the extrapolation of the momentum transfer q1 to zero when
deriving the low energy PCAC results that can be compared to experimental data and 2) towards
taking into account, besides the conventional one, the only other possibility of the spontaneous chiral.
symmetry breaking, SU(2)L X SU[2)R -* 51/(2)v, inside a. baryonic system by a condensation (in
the sense to be specified in the paper) of diquarks. The paper includes investigations of & chiral
Ward-Taluhuhi identity, the explicit durai* symmetry breaking by a finite current quark mass,
the modification of the PCAC relation and its consequences. Two explicit relations between the
nucleon axial vector form factor ff^(q3), pseudo-scalar form factor gp_{_q2) and the pion-nudeon
coupling constant 9 T * N ( 4 9 ) >» obtained. One of the relation is confirmed, within the experimental
error, by observation in the 0 < —g1 < 0.2 GeV' region. The other one, which relates J M U * )
and f*(q1)9wNN(<i*) is studied by using known empirical facts and dispersion relation. Certain
inconsistencies, which is in favor of the introduction of diquaxk condensation, is discovered. We
briefly discuss how diquark coadensation could provide an answer to the question of where about
of the quark numbers in a nucleon and a nucleus, which is raised in explaining puzzles observed in
the violation of Gottfried sum rule and EMC effects.
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THERMALIZATION STUDIED BY MICROSCOPIC
KINETIC SIMULATION

Lu Zhongdao, Sa Benhao, Zheng Yuming, Zhang Xiaoze
China Institute of Alomic Energy, P.O.Box 275(41), Beijing 102413, China

The intermediate and high energy nuclear reaction has caused much interest for physicists
in the last years. Great progress has been made both in theory and experiment. As an impor-
tant aspect in this field,Ihcrmalization has been studied for many years and seems to reach a
conclusion. J. Gugnon et al.1 studied the correlation between the initial and the final configu-
ration for a hot nuclear system, they found that the final configuration contains the remnant
of the initial configuration. So they conclude that the nuclear system is not fully thermalizcd
and does not reach to the statistically thermal equilibrium. J.Aichelin et al.2 also studied the
problem by analyzing the rapidity density of the particle distribution and came to the same
conclusion. But recently, L.G.Morreto et al.3 made the study by analyzing the experimental
particle spectrum and found that the spectrum has the evaporation type. So they conclude that
the nuclear system is firstly thcrmalized and becomes a hot nucleus in thermal
equinibrium,then decays and evaporates the light particles. Another report is from V.Lips et
al.*, they studied the relative-angulr distribution of IMF'S and analized the experimental data
by both the sequential-emission model and the statistical multifrgmelation model which was
developed by D.H.E. Gross5 and our group6'7. They found that only the statistical
muitifrgmetation model can work well. That means that before the nuclear system fragments,
it has become a hot nucleus in thermal equilibrium, because we have used the assumption of
thermal equilibrium in our model.

For further cxaming the above conclusion, we carry out the study by microcopic kinetic
simulation (similar to QMD). We made the calculations8 for reactions of ^CaOS
MeV/nucleon) + *Ca and 830MeV proton + 56Fe. We calculated the kinetic energy density
and three squared momentum components, and found that the statistically thermal
equilibrium can be reached in the former reaction. But in the later reaction, thermal
equilibrium can only be reached locally within the tube volume along the incident direction.
So we think that in the intermediate and high energy nuclear reaction.lhcrmalization can be
reached in a reaction zone, the size of which depends on the incident energy, the size of projec-
tile and target, and the impact parameter.

References
1) J. Gugnon ctal., Nucl.Phys.A352(1981)505;
2) J.Aichclin ct al., Phys.Rcv.C37(1988)2451;
3) L.G. Morctto ctal., Phys.Rcv.Lctt.71(1993)3935;
4) V. Lips, ct al., Phys.Rcv.Lctt.72(1994)1604;
5) D.H.E. Gross, Nucl.Phys. A428(1985)313c;
6) Sa Bcn-Hao, D.H.E. Grross, Nucl.Phys.A437(1985)643;
7) Sa Bcn-Hao, ct al., Phys.Rcv, C40(1989)2860;
8) Sa Bcn-Hao ct al., Phys.Rcv. C50(1994)2614.
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Looking for the limits of existence of excited residues,
using the DEMON neutron detector

G. Bizard 3), D. Durand 3 \ F.R. Lecolley 3)

for the DEMON collaboration:

l)Universit& Libre <Je Bruxelles, 1050 BRUXELLES, BELGIUM

2) Institut de Physique Nudeaire, Chemin du Cyclotron, B1348 LOUVA1N-LA-NEUVE, BELGIUM

3) LPC Caen. Boulevard Marfchal Juin, 14050 CAEN, FRANCE

4) CRN, University Louis Pasteur. 67037 STRASBOURG, FRANCE

DEMON consists of an ensemble of 96 neutron detectors spanning a large angular interval

and allowing the identification and the velocity measurement of neutrons emitted in heavy ion

reactions. This new facility has been operated for the first time in 1994 on the heavy ion accelerators

CYCLONE (Louvain-La-Neuve. Belgium) and GANIL (Caen, France).

In this contribution, we will report on one of the GANIL experiments. Neutrons have been

detected in DEMON in coincidence with incomplete fusion residues fonned in the 60 MeV/u Ar+Au

reaction. The purpose of the experiment was to determine, using the neutron spectra, the temperature

and excitation energy of the hot residues and to look for the maximum excitation energy which can be

stored inside a nucleus.

The first results of the experiment will be presented at the conference.
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Coulomb Instability of Hot Nuclei

H.Q. Song1 and R.K. Su5

1. Institute of Nuclear Research, Academia Sinica, P.O.Box 800204, Shanghai 201800, China

2. Department of Physics, Fudan University, Shanghai 200433, China

Recently, the study of nuclear equation of state(EOS) have received increasing interest. These

studies are intimately related to the development in heavy-ion physics. The maximal temperature that

a hot nucleus can sustain before reaching instability is usually called limiting temperature Tum • Due to

the effects of Coulomb interaction and finite size of nucleus, the limiting temperature is far lower than

the theoretically predicted critical temperature for the liquid-gas phase transition of nuclear matter.

We have used a simple two-phase model to study the limiting temperature of hot nuclei. In the model,

we consider the hot nucleus as a uniformly charged drop of nuclear liquid at a given temperature T

and with a sharp edge, in both thermal mechanical and chemical equilibrium with the surrounding

vapor. A set of two-phase coexistence equations is, therefore, obtained. The lowest temperature, at

which there is no solution to the coexistence equations, is just the limiting temperature.

In the calculations of the EOS of bulk nuclear matter, we have adopted non-rclativistic HF with

the Skyrme forces'1', the Gogny force, relativistic mean field theories^2'3! and quark meson coupling

model, respectively. In the liquid phase, we have also taken into account the Coulomb interaction and

surface effects. As a result, we found that the limiting temperature is very sensitive to the details of

the EOS. If one can determine the limiting temperature experimentally, then the theoretical prediction

may be used as a sensitive test of the various effective interactions or models.

References •

{1] H.Q. Song and R.K. Su, Phys. Rev. C44, 2505(1991).

[2] H.Q. Song, Z.X. Qian, and R.K. Su, Phys. Rev. C47.2001 (1993).

[3] H.Q. Song, Z.X. Qtan, and R.K. Su, Phys. Rev. C49.2924 (1994).
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THE THERMODYNAMIC PROPERTIES OF EXCITED NUCLEI

Wu H., Jin G., Li Z., Qi Y., Luo Q., Duan L.,
He Z., Dai G., Zhang B., Wen W., Dang B.

Institute fr Modern Physics, Chinese Academy of Sciencel
P.O.Box Si, Lanzhou, China, 730000

The variation of temperature of hot nuclei with its excitation energy is very important
indication of thennodynamic properties of nucleus. For this, the independent measurements
of temperature and excitation energies are highly required.

Coincidence measurements of emitted light charged particle(a,p) and fission fragments
were carried out for ** Ar+ l97Au colliding system at 25MeV/u by 4 position sensitive PPACs
placed symmetrically around the beam axis, and two sets of AE+E telescopes at 167". The
LMT of reaction system and then the excitation energy of the hot nucleus can be deduced
from the folding angle of fragments considering the Q value and rotation energies. The
apparent temperatures of the hot nuclei were inferred from the correlated light charged
particle spectra corresponding to nine bins of LMT. The initial temperature T,n was deduced
from taking the apparent temperature as a weighted average of the temperatures along the
cascade chain of hot nuclei. The result of T{n are shown in Fig. as a function of excitation
energy combining with the data from retf1'2'. An interesting feature of the variation of T<n

with excitation energy shown in Fig. is the apparent plateau of T,n at excitation energy
greater than 3.1 MeV/u (T in ~ 5.5MeV), and obviously it is lower than the data of ref.'1'2'.
This result is in agreement with the predictions^3:4' that there exists a limiting temperature
in this excitation energy range, and the limit is lower for heavier hot nuclei. In both models,
this plateau represents the onset of multifragmentation model of decay, although in this
region the bulk of the "fragments" are nucleon and small clusters.- The position of limit is
favoured with the "soft" of EOS.

References
[1] D. Fabris et al. Phys. Lett.
B196(1987), 429.
[2] K. Hagel et al. Nucl. Phys.
A486(1988), 429.
[3] J. Bonderf et al. Nucl. Phys.
A444(1985),460.
[4] D. Gross, Phys. Rev. Lett.
56(1986), 1544.
Fig. Initial temperature versus
excitation energy per nucleou

io.o r

<D

4.0 -

2.0 -

o=A/a
o=A/13

AAA&A N +Sm
00000 S +Ag
coonn 0 +Ag
e«ffis® Ar+Au

0 I".. In i H I . Ml i n i l i n

0.0 2.0 4.0 6.0 8.0

E* (MeV/u)



4 - 5

Fusion-fragmentation model and
ALADIN multifragmentation data

Wang Fci, Zheng Yu-Ming, Sa Ben-Hao and Lu Zhong-Dao

China Institute of Atomic Energy,
P.O.Box 275, Beijing,!02413 China

As we knew that the disassembly of hot nucleus might be described by dynamical
models[l-2] and statistical multifragmentation models[3-4]. Recent ALADIN
data[5], however, seam to declare that the dynamical model is nothing to do
with ALADIN data but the statistical multifragmentation model could r'ealy
reproduce the data very well if one knows the properties of the corresponding
hot nucleus.

The properties of hot nucleus (i.e. the mass and charge numbers, the ra-
dius parameter and the excitation energy or tempreture of hot nucleus), how-
ever,could not supply by statistical model itself and must rely on the dynamical
model. It seams that the formation of hot nucleus is a dynamical phenomenon
but the disassembly of hot nucleus obeys statistics. That is the duality of hot
nucleus, which has already been included in the fusion-fragmentation model[6].

The fusion-fragmentation model[6] has been improved and used to reproduce
the ALADIN data. It is turned out that if the model parameter concerning
excitation energy is somewhat adjusted due to the curve of < MIMF > vs.
Z&oundi the remained ALADIN data are all then reproduced very well.
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A MODEL FOR FRAGMENTATION AND PHASE
TRANSITION IN NUCLEAR COLLISIONS.

Subal Das Gupta and Jicai Pan
Department of Physics, McGill University,

3600 University St., Montreal, QC, Canada H3A 2T8

We present a simple yet versatile model for nuclear fragmen-
tation in heavy-ion collisions. The model allows us to calculate
thermodynamic properties such as liquid-gas phase transitions as
well, as the distribution of fragments at disassembly. In spite of its
simplicity the model gives very good fit to recent data taken at
the Michigan National Superconducting Cyclotron Laboratory1

The model is an extension of a lattice gas model which itself has
strong overlaps with percolation models which have been used in
the past to compare with nuclear fragmentaton data.

lT. Li et. al. Phys. Rev. C49 (1994) 1630.
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IMPROVEMENT OF THE STATISTICAL PROPERTY OF AMD

Akira Ono and Hisashi Horiuchi
Department of Physics, Kyoto University, Kyoto 606-01, Japan

In the multifragmentation in intermediate energy heavy ion reactions, many intermediate mass frag-
ments are produced by the decay of the highly excited source. The data of the mass distribution and other
exclusive quantities have been well reproduced by the statistical models which assume the decay of the
thermal source into fragments according to the statistical weights of the possible final states. On the other
hand, the antisymmetrized molecular dynamics (AMD) [1], which is a microscopic simulation method, is
known to be able to describe the dynamical production of fragments. In the heavy ion reactions, not only
the statistical aspects but also the dynamical aspects are important such as the collective momentum How
of nucleons and fragments [2,3]. Therefore it is desirable to study the dynamical and statistical aspects
in a unified framework such as AMD which does not assume any thermal equilibrium. As the first step
of this project, we check whether the AMD has the appropriate statistical properties.

AMD describes the nuclear many body system by a Slater determinant of Gaussian wave packets as

«t>(Z) = det[exp{-v(r,- - Z,- (1)

where the complex variables Z = {Zj} are the centers of the wave packets. The time development of Z
is determined by the time-dependent variational principle and the two-nucleon collision process [1].

In order to test the statistical property of the excited nucleus described in AMD, we put Ala. nucleons
into a potential well with a large radius (-12 fm) and give the total energy Em. The time evolution is
calculated for a long time (~ 105 fm/c). There are usually one or several fragments and nucleons in the
potential well. This situation can be interpreted as the phase equilibrium of liquid (fragment) and gas
(nucleons). The typical values of the mass number of the largest fragment Auq and its internal energy £«q

depend on the choice o(AM and EM. We select the moments at which A\lq is 14, for example, and the
average value of £uq and the temperature are calculated. The temperature T is extracted from the average
kinetic energy of the nucleons in gas phase. The calculated relation between E\\q and T is shown in the
figure by squares, which lie just on the line £iii,//liiq = 37" - B.E. of the classical statistics.

The above result indicates that AMD has a problem in the description of the nucleon emission from
the excited nucleus. Each nucleon has a momentum width of the wave packet which is an important part
of its Fermi motion in the nucleus. When such a nucleon is emitted from the nucleus in AMD, it will
have the momentum corresponding to the central value of its momentum distribution in the nucleus. Es-
pecially if the central value is not sufficiently large, the nucleon
will never go out, even if there should be some probability of
going out due to the tail of the momentum distribution. In order
to cure this problem, we add a new stochastic process of giv-
ing the momentum fluctuation of the wave packet to a nucleon
when it is emitted from a nucleus. The total momentum and
energy is conserved by adjusting the state of the nucleus. By
this incorporation of the momentum fluctuation into AMD, the
statistical property of the excited nucleus has changed drasli-
cally into quantum mechanical one, as shown in the figure by
diamonds, which is similar to the empirical Fermi gas formula

77(12 MeV) - B.E..

f

[1] A. Ono, H. Horiuchi, Toshiki Maruyama and A. Ohnishi, Prog. Theor. Phys. 87,1185 (1992).
[2] A. Ono, H. Horiuchi andToshishi Maruyama, Phys. Rev. C48,2946 (1993).
[3] A. Ono and H. Horiuchi, to appear in Phys. Rev. C50 (1994).
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SYSTEMATIC STATISTICAL ANALYSIS OF PERIPHERAL COLLISIONS IN
'1EAVY ION REACTIONS

P. Desesquelles, A. Lleres, A.J. Cole, A. Giorni, D. Heuer and J.B. Vjino

(Institut des Sciences Nucleaires, IN2P3-CNRS et Universite Joseph Fourier,

53 Avenue djes Martyrs, F-38026 Grenoble Cedex, France)

The success of statistical models describing the production of fragments in heavy ion
collisions at intermediate energies seems to be well established. This is somewhat sur-
prising since these models take little or not account of the dynamical evolution of the
projectile + target complex. This point is emphasized by QMD calculations which sug-
gest that many body correlations play an important role in the fragment production
mechanism.
We present a systematic study of the production and decay of highly excited nuclei pro-
duced in heavy ion collisions using two types of statistical model. The first is the binary
sequentki model (embodied in the Gemini code) which considers the decay as a sequence
of binary divisions. The second is the simultaneous multifragmentation mechanism rep-
resented by the Copenhagen code. All the analyses were carried out using the same
recently developed protocol '• for global comparisons of experimental and simulated data.
This protocol consists in the determination of the model source parameters (multivariate
backtracing) and the reduction of the experimental information to a minimum number
of principal variables (principal component analysis). The data analysed come from the
ALADIN collaboration at GSI (197Au+no'Cu at 600 AMeV), from the AMPHORA mul-
tidetector in Grenoble (40Ca+r"l'Cu at 35 AMeV) and finally from the GANIL INDRA
multidetector in Caen.
All data sets are considered to represent peripheral collisions in which compression ef-
fects are probably not very significant. On the other hand, the consequences of the large
angular momentum transfered to the primary projectile like fragment are important and
must be taken into account. This detailed analysis shows that the Gemini code pro-
vides an excellent description of the data for the lighter heavy ions, even for excitation
energies of the order of the total binding energy 2' 3'. On the other hand, the heavier sys-
tems are perfectly reproduced by the Copenhagen statistical multifraginentation model ' '.

References
1) P. Desesquelles, J. Bondorf, 1. Mishustin and A. Botvina, (to be published).
2) A. Lleres et a]., Phys. Rev. C50, 1973(1994).
3) P. Desesquelles et al., Phys. Rev. C48, 1828(1993).
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Multifragmentation Process in HIC and Modified Quantum Molecular
Dynamics (MQMD)

Liu Jianye1'>J'',Liu Hang2',Zhang Shaoguang2' and Li Junqing2'

''CCAST (World laboratory) P.O.Box S730, Beijing, 100C80
2' Institute of modern physics, Chinese Academy of Sciences

Lanzhou 730000 China

The yields of the multifragmentation in intermediate energy heavy ion collisions are simulated
within the frame of the modified quantum molecular dynamics(MQMD) which couples the QMD
with restructured aggregation model(RAM) as well as respective simulations for the neutron and
proton, espetially in order to give a good treatment of Pauli principle in the mean field level, we
added the Pauii potential to Hamiltonian of MQMD and adjusted the input parameters of the model
in more detail to get a new MQMD just the same name as before we have doen 'l'. In order to
compare the influences of Pauli potential on the multifragmentation of heavy ion collisions(HIC)
with those of momentum dependent interactions (MDI) which is also associated with momentum of
particles, we also considered MDI in simulating calculations. With this new MQMD, we have got-
ten the obvious improvements on the agreements between the experimental data and the simulating
results for fragment production which includes the underestimation of the multiplicity of interme-
diate mass fragment Mtmj and upperestimation of the charge of the largest fragment Zmaz for the
reaction Au+Cu at E=600 Mev/nucleon '2' by means of MDI ,and also the progressive improvememt
about that by using the Pauli potential in .-omparison with MDI. The underestimation of M;mj and
upperestimation of ZmaI for the simulating results in comparison with the experimental data have
still been existed.The reasons about these discrepancies could attribute to an inadequate treatment
of the decay of highly excited primordial fragments. The remedy of this deficiency is to couple
MQMD witli Quantum Statistical Model(QSM) to get a correct treatment about the decays of all
excited fragments. Another possible reason may be that there is a lack of the energy deposition in
the freeze-out configuration. In this case, an important point is to study the influence of all kinds
of effective interactions on the dynamical development of all kinds of energies in colliding system
in more detail and adjust the input parameters of model carefully via systematically simulations
and comparisons with experimental data to get the resonable parameters of model for getting the
reasonable deposition energy by using dyuamical model.

References

[1] Liu Jian Ye and Zhang Shao Guang, Z.Phys. A345 (1994)

[2] Hubele..Jetal.Z.Phys.A340(1991)263
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ON THE MOLECULAR DYNAMICAL DESCRIPTIONS

OF NUCLEAR MULTIFRAGMENTATION

R. Donangelo and S.R. Souza

Instituto de Fisica, UFRJ, CP 68528, 21945-970 Rio de Janeiro, Brazil

A full theoretical description of the nuclear multifragmentation process requires a micro-

scopic quantum many-body treatment of the nu^ar dynamics. In spite of large efforts,

this problem is still far from being solved. A crude approximation consists in studying

the system as if it were made up of classical particles, the molecular dynamics approach.

Since quantum effects associated with the Pauli principle play a very important role in

the dynamics, they must be somehow incorporated. However, as we discuss, these effects

are quite difficult to include properly in classical approaches. We find that when one

attempts to describe the fragmentation by means of a molecular dynamical approach,

a ice the whole treatment is entirely classical, the heat capacity per nucleon is very large.

TLe excited system then expends its energy by emitting a very large number of nucleons,

leaving only a large residual piece. The methods so far suggested to include Pauli princi-

ple effects do not change qualitatively this picture, since they are not able to reproduce

the expected behavior of the heat capacity for a many-fermion system, especially in the

temperature region where IMF production is expected to take place.

In order to give quantitative examples, we performed molecular dynamical calculations

for several systems. The results show good agreement in the symmetric cases, and a severe

underprediction of the IMF multiplicity for the asymmetric ones. The predicted radial

flows for the same systems grossly underpredict, in all cases, the observed values. The

apparent agreement in IMF multiplicity for symmetric systems may thus be explained by

the fact that, since a much smaller fraction of the collision energy was stored in the form

of ordered radial motion, the eActive temperature is larger, thus leading to the break-up

of the system into more fragments.

We acknowledge ;--;rtial financial support from the Brazilian National Research Council.
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SCALING IN THE NON-EQUIljBRIUM BINARY FRAGMENTING
t

R. Botet' and M. Ploszajczak'
(t LPS, Bat 510, F-91405 Orsay, France f GANIL, BP 5027, F-14021 Caen, France )

The idea of universality in the fragmentation process comes from the observation that
many experimental data on cluster-size can be fitted by a single law rife ~ k~~T. Values of
the exponent r are known sufficiently accurately to exclude the possibility of grouping in
few universality classes by the value of T . This resembles the fragmentation - inactivation
binary (FIB) model1', which splits the set of all sequentially fragmenting systems into
three classes. Two of them , at the transition line and in the shattering phase, exhibit
power-law size-distribution, but the possible values of the exponent r are smaller than 2 in
one class (on the transition line) and are larger than 2 in the other one (the shattering
phase) . Despite this qualitative resemblance these two classes are of fundamentally
different nature as manifested by the properties of the cluster-size fluctuations1'2'. The
FIB model is able to reproduce quantitatively the nuclear multifragmentation results1'. In
order to look for an experimental signature of the fragmentation class associated with the
nuclear multifragmentation process, we have studied the fragment multiplicity distribution
and the dissipation rate features.
At the transition line, the fragment multiplicity distributions obey a characteristic KNO
scaling. The solution which belongs to the da s of Poisson transforms, is described by the
Langevin equation for Gaussian white multiplicative noise. The parameters of the KNO
functions depend on the fragmentation probability and on the applied noise.
To discuss the statistical properties of the fragmentation , one may define the instante-
neous dissipation rate f(t) , which at a given time t is just the number of active clusters.
The lifetime distribution of fragmentation avalanches at the transition line obeys a power-
law behaviour P\T = t] ~ t1'" in the range of the fragmentation probabilities pp < 1/2.
The avalanche-size s = f£° f{t)dt exhibits a power-law behaviour P[S = s] ~ J1~T for
PF < 1/2. For PF > 1/2 and in the shattering phase, the scale-invariant features in
both P[S = s] and P[T = t] are destroyed by the low mass cutoff for monomers. Power
spectrum of linearly superimposed fragmentation avalanches shows also a power law be-
haviour ~ I / /* on the transition line. For pp > 1/2 , the power spectrum is those of a
random walk, i.e. I / / 2 . For PF < 1/2 , the power spectrum is anomalous (1 < /? < 2 ).
On the transition line for PF < 1/2 , the sequential fragmentation has all features of the
process associated with the self-organized criticality3'. One finds an anomalous activity
spectrum which is a 'bulk' phenomenon associated with the 'mass' fragmentation. The
coherence in the activity spectrum over all time scales (/# —*1) is found when approaching
the stationary limit of the FIB process.

Reference
1) R. Botet and M. Ploszajczak, Phys. Rev. Lett. 69, 3696 (1992); Phys. Lett. B312,
30 (1993).
2) R. Botet and M. Ploszajczak, J. Mod. Phys. E (in print), GANIL Preprint 94-14.
3) P. Bak, C. Tang and K. Wiesenfeld, Phys. Rev. Lett. 59, 381 (1987).
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TOWARDS A DYNAMICAL DESCRIPTION OF FISSION OF HOT NUCLEI

P. Frobrich
(Hahn-Meitner-Institut Berlin, 14109 Berlin, Glienicker StraCe 100. Germany, and Fachbereich Physik

at the Freie Universitat Berlin)

• A dynamical model for the description of the fusion-fission process has been developed on the basis of

Ltngevin trajectories, in which the evaporation of neutrons, protons, and o-particles, and the emission

of giant-dipole 7-quanta is taken into account hy a Monte Carlo procedure along the trajectories, for

details see refs. 1 - 4 ) . As initial values for the Langevin fission dynamics we use the spin distribution for

fusion, calculated with the surface friction model 5 ) , as the only information from the entrance channel.

When the fission dynamics reaches the quasistationary (Kramers) limit one enters the validity regime

of a statistical description. Therefore, and also because it is technically not possible to follow Langevin

trajectories for very long times, we switch over to a statistical model when the quasistationary limit is

reached. In order to make this switching in a consistent way important modifications (as compared to

the conventional approaches) are necessary in the dynamical and statistical parts of the model. In both

parts the crucial role is played by the entropy: it determines the driving force of the Langevin equation

and the exponent of the statistical (friction modified) fission width. The entropy is constructed from

a deformation-dependent level density parameter and the conservative potential. A dependence on the

scission point is also entered into the expression for the statistical fission width.

We review a systematical analysis of existing data on fission of hot nuclei with the combination of a

dynamical and a statistical model discussed above, which leads to definite conclusions about ,he friction

coefficient of the fission mode. For the first time a satisfactory simultaneous description of excitation

functions of fission probabilities (.respectively survival probabilities) and prescission neutron multiplicities

is obtained3); a large number of systems (with fissilities 0-64 < X < 0.84) has been investigated. Data

for charged-particle multiplicities and spectra have been analysed as well as data for prescission giant

dipole 7's 4 ) . Data on evaporation residue cross section turn out to be a particular sensitive probe

for the friction coefficient 6 ) . We also reproduce in a systematic way data on fission times obtained

with the neutron clock, and data on excitation energies (temperatures) at scission obtained from an

analysis of postscission neutrons 7 | S ) . The influence of pre-saddle neutrons on the fission fragment angular

distribution is discussed 9) . First steps to include shell effects in the dynamical and statistical model

have been undertaken 1 0) , and the decay across multiple-humped barriers is treated u ) .

1) I.I. Gontchar, P. Frobrich, Nucl. Phys. A 551 (1993) 495

2) I.I. Gontchar, P. Frobrich, N.I. Pischasov, Phys. Rev. C 47 (1993) 281

2) P. Frobrich, I.I. Gontchar, N.D. Mavlitov, Nucl. Phys. A 556 (1993) 281

4) P. Frobrich, I.I. Gontchar, Nucl. Phys. A 563 (1993) 326

5) J. Marten, P. Frobrich, Nuci. Phys. A 545 (1992) 854

6) I.I. Gontchar, P. Ft6brkh, Yad. Fiz. 57 (1994) 1249

7) D. Hilscher, I.I. Gontchar, H. Rossner, Yad. Fiz. 57 (1994) 1255

8) P. Frobricli "roc. Workshop on Heavy-Ion Fusion, Padova, Italy, May 1994, in print

9) P. Frobrich, H. Rossner, Z. Phys. A 349 (1994) 99

10) P. Frobrich, I.I. Gontchar, Proc. 2nd Int. Conf. on Dynamical Aspects of Nuclear Fission,

Smolenice, Slovakia; ed. J. Kristiak et al., Dubna 1994, p.182

11) I.I. Gontchar, P. Frobrich, Nucl. Phys. A 575 (1994) 283
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HOW LOW IS THE DENSITY OF NUCLEAR MATTER
PRODUCED IN THE MULTIFRAGMENTATION PROCESS

. M. Satpathy and A. Das'
Phys.es Department Utkal University, Bhubaneswar - 751 004 India

Inst,tute of Physics, Bhubaneswar - 751 005, India.
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RADIAL COLLECTIVE FLOW, SHOCK WAVE AND MÜLTIFRAGMENTATION
THRESHOLD IN LIGHT SYSTEMS

A. Chabane1, M. Charvet1, R. Bougault2, A.J. Cole1, P. Désesquclles1, A. Giorni1,
F. GulmineUi5, D. Heuer', A. Ll«es\ F. Schussler1, J.B. Viano1

1 ISN, 53 Av. des Martyrs, F380Î6 Grenoble, Franct
7 LPC, ISMRA, Bd. du Mar. Juin, F14O5O Cam, France

Several experiments dealing with heavy systems at high bombarding energies have shown
that, for central events, the fragment velocity distributions contain a strong radial component.
A systematic search (varying beam velocity from 20 AMeV to 37.5 AMeV) of this radial flow
has been undertaken for a light system (33S+27A1) using the 4 T multidetector AMPHORA
in Grenoble. These experiments aim at seeking a radial flow signature and at determining its
energy threshold. The selected data samples correspond to complete events (detection of all
target +projectile charged fragments) originating from central collisions. Special multivariate
techniques (principal component analysis and ditcriminent analysis) were used in the data re-
duction in order to reject binary events and chance coincidences. A first analysis shows that the
37.5 AMeV sample is incompatible with statistical decay model predictions and that dynamical
properties provide strong evidence for a radial component (velocities proportional to the distance
to the center of mass) in the fragment energies which dominates the inter-fragment Coulomb
repulsion and thermal motion. For example, the experimental heaviest fragment square mo-
mentum distribution (in the fused nucleus reference frame) is well reproduced by a simulation
including the "blast" whereas the sequential evaporation code (GEMINI) gives a much sharper
distribution (fig. 1). The measured mean radial energy falls on the same systematic line, as a
function of the deposited energy, as the heavier systems (fig. 2). This systematic can be under-
stood in terms of a nuclear shock wave and thus can give a measure of the nuclear compressibility.
Such a behaviour is not observed at 20 AMeV where the results are in global agreement with a
binary sequential scenario. The analysis of the intermediate beam energy samples (25, 27.5, 30
and 32.5 AMeV) permit the exploration of the onset of multifragmentation in this system.

0 1 2 3 4 5 6 7

Pr(GeV/c)2

Figure 1 : Experimental spectrum of the
square of the momentum of the largest frag-
ment (circles). Comparison with blast simu-
lation (full line) and GEMINI (dashed line)

50 60
ECM (MEV/A)

Figure .2 : Radial flow as a function of
the cm bombarding energy. The lines are
calculations employing a Skyrme EOS. Data
points from left to right : S+Al at S7.5 AMeV
(AMPHORA), Kr+emulsion at 100 AMeV,
Au+Au at ISO AMeV (FOPI), Kr+emulsion
at 200 AMeV.
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THE INFLUENCE OF ANGULAR MOMENTUM ON NUCLEAR

MULTIFRAGMENTATION

A.S. Botvina * and D.H.E. Gross

Hahn-Meitner-Institute, D-14109 Berlin, Germany
and Fachbereich Physik der Freien Universitat Berlin

Multifragmentation of highly-excited nuclei with large angular momenta is an-

alyzed within the statistical microcanonical multifragmentation model. It is shown

that in addition to mass and angular distributions the momentum space and the

energies of intermediate mass fragments are considerably changed from the non-

rotational case. Especially angular momentum manifests itself in energies and en-

ergy variances of maximum large fragments. This effect can be used for the iden-

tification of thermalized nuclei systems with very high angular momentum (more

than 100 fi) and allows for a sew interpretation of some experimental data.

'On leave from Institute for Nuclear Research, 117312 Moscow, Russia •
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Fluctuation and Time Scale
of Multifragmentation in Heavy Ion Collissions

Ge Lingxiao Zhang Xiaodong

Institute of Modern Physics ,Acad«nia Sinica,Lanzhou,730000,China

Nuclear mnltifragmentation characterized by copious production of intermediate mass frag-
ments (IMFs) is the major reaction mode for Heavy Ion Collissions system at intermediate and
high energies. The reaction mechanism, via which intermediate fragments are formed, is still
debated. In this contribution, we investigated the relationship between the second density mo-
ment which reflect mean field fluctuation and the production of IMFs based on QMD model
which incorporcA^ correlations and fluctuations in dynamical process, and then conluded that
the dynamical fluctuation will lead to the increase of intermediate mass fragments.

Fig.l is the time evolution of the relative density fluctuation for 40Ca+ 40Ca head on
collissions at the incident energies of 10 , 55
and 120Mev/nudeon respectively. It is found
that the fluctuations show an exponential
growth when the system Teaches instabil-
ity Tegion. The fragments are observed when
the density fluctuations become quite large
and the corresponding time evolution starts
to deviate from the exponential growth, the
system having reached a new region of stabil-
ity. Therefore,the time scale of IMFs emis-
sion corresponds to the time of saturation of
fluctuation. There is reason to regard this
evidence as quite reliable!1!. On the basis of
this results and discussion, we systemticaJly
study the mean field fluctuation and the av-
erage multiplicity of intermediate mass frag-
ments in central collissions of 40Ca+40Ca at
beam energies of 10~120MeV/nudeon. "We
found that

0.2
100 150 200

Time(!m/c)

Fig.l The time evolution of the relative density
variance for *°C& +*Ca central collissions at
the three varius incident energies.

1) The relative density fluctuation initially increases with increasing beam energies, however,
for beam energies greater than 65MeV/nudeon, the fluctuation decreses with increasing beam
energies. The production of IMFs as a function of beam energies we calculated give the same
trends with the xise and fall of the density variance^. The relationship between the density
fluctuation and the production of IMFs leads us to conclude that the dynamical instability is
the physical origion of the increase of Intermediate Mass Fragments.
2) The time scale of multifragmentation extracted from the relative density fluctuation are ob-
served decreases from r ss300fm/c at beam energy E/A=10MeV to r « 140fm/c at E/A=50MeV.
For beam energies greater than 50MeV/nudeon, r assumes an almost constant value«140fm/c
and changes very little indicating a saturation of the time scale of IMFs emission in multifrag-
ment final states. These results appear to be consistent with those by E.Bauge et al.'3'.
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FLUCTUATION OF INTERACTION POTENTIAL AND
MULTIFRAGMENTATION

Yuan Xiuqing, Li Junqing and Liu Jiauye
Institute of Modern Physics, Academia Siuica, Lanzhou, 730000, China

Experimental results showed that multifragmentation is the dominant decay mode
of highly excited nuclear system in intermediate energy heavy ion collisions. At sub-
saturation density, there may exist a liquid-gas coexistence region where phase separation
can occur. At even lower densities {p/pg ~ 0.3) the pressure is predicted to decrease with
increasing density. This is the spinodal region of instability, where the phase separation is
driven by the exponential growth of density fluctuations ' ' . In order to test this possible
fragmentation mechanism, we observed the time evolution of nucleon-nucleon interaction
potential in the framework of QMD. The interaction used in the collision is:

T> T,26orfy , ir3body . T/ . W
v ~ "jfcyrme ~i~ •aJtyrine >' "coulomb T Vyutuma

The observation points are set in X-Z plane at Y=0. We calculated the evolution processes
of the equipoteutial lines for 40Ca+40Ca, at b=0, for 1) 10; 2) 30; 3) 60 and 4) 100 MeV/A,
respectively. It is found that although the potential is out .of a simple summation of n-n
interaction over total nucleons, the mean field is formed by the indication of equipotential
lines. We observed two separated mean fields at the beginning, and later the formation
of a unified field is seen. At following stage the shape of equipotential lines deviates
from sphere by two modes according to the incident energy. One is the whole potential
stretches in Z-direction into quadripole deformation, which we found in case 1) and 2).
The other one is the equipotential lines in the peak zone deform irregularly both in X
and Z directions which we found in case 3) and 4). For cases 1) and 2) before 90 fm/c
the potential oscillates in a way of breath mode with quadripole deformation. This is
due to the unbalance between the density expansion and nuclear attractive force. In the
late stage of 2) there are not only one or two centers for the potential, but they are well
enveloped by equipotential lines.

For the cases 3) and 4), at about 60-70 fm/c, there are fluctuations both in X and Z
directions in the peak zone, these are stochastic fluctuations. The equipotential lines of
the peak zone deform irregularly, and there even exists negative curvature. When nucleons
move within the sweep of region of negative curvature they will.be scattered. The phases
of neighboring nucleons will separate exponentially2'. Because the potential is determined
by the position of nucleons, this fluctuation will be amplified and this ultimately leads
to fragmentation. (In the spherical or quadripolar deformation potential, the behavior of
nucleons is regular, the phase of neighboring nucleons always keeps constant. Even the
system oscillation does not cause fragmentation.) In the later stage many local sources
can be observed, they may be stable or unstable, look very much like some stable islands
embedded in some hyperbolas in phase space in chaotic system. Finally these envelope
lines disappear, there isn't any gradient among the sources. The mean field no longer
exists, and suggesting a reasonable condition for applying statistical theory. So it seems
that the irregular fluctuation in the peak zone originates the fluctuation, and thus leads
to multifragmentation. The fluctuation at the edge of the potential would release some
particle, and can not influence the stability of the whole system.
References
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Multifragmentation Process in HIC Simulated by
Modified Quantum Molecular Dynamics

(MQMD) *

Liu Jiauye
CCAST (World laboratory) P.O.Box 8730, Beijing, 100080

Liu Hang, Zhang Shaoguang, Li Junqing
Institute of modern physics, Chinese Academy of Sciences

Lanzhou 730000 China

The yields of the multifragmeutation in intermediate energy heavy ion collisions are
simulated within the frame of the modified quantum molecular dynamics(MQMD)'1! which
couples the QMD with restructured aggregation model(RAM) as well as respective sim-
ulations for the neutron and proton, especially in order to give a good treatment of
Pauli principle ou the mean field level, we added the Pauli potential with a new set of
paiameters™ to Hamiltonian of MQMD. In order to compare the influences of Pauli po-
tential on the multifragmentation of heavy ion collisious(HIC) with that of momentum
dependent interactions (MDI), we also considered MDI in simulating calculations. With
this new MQMD, we have gotten the obvious improvements on the ;-,greements between
the experimental data'3' and the simulating results for the fragment production by means
of MDI ,and also the progressive improvements about that by using the Pauli potential in
comparison with MDI. The different influences of MDI and Pauli potential ou the collision
dynamics of intermediate energy heavy ion collisions have also been obtained. Finally we
discussed the possible reasons for the discrepancies existed yet between the experimental
data and simulating results and remedies of these deficiencies in detail.
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NUCLEAR FRAGMENTATION
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There are up to now several good reasons to' believe that charge (mass)
distributions of fragmentation products generated in energetic nuclear
collisions show universality properties1"3' . In order to get an insight into
the characteristic features of the system which lead to these properties we
develop a microscopic approach. In this framework we describe the
fragmenting system as a finite set of interacting nucleons with randomly
distributed phase space coordinates. We discuss the cluster content of this
disordered system by means of different criteria which are introduced in
order to decide whether nucleons are bound or not. to each other. Through
this procedure we obtain mass distributions of fragments their moments and
related physical observables which we can compare to those of other
approaches and the experiment.

By means of numerical simulations we generate ensembles of events
corresponding to different values of the total energy, the average density,
the strength and the range of the two-body interaction. The results show
that different bond criteria can lead to similar results which are
compatible with the predictions of finite size percolation calculations and
in quite good agreement with experimental results. He analyse the energy
content of the excited system. We aim also at the calculation of
thermodynamical observables in the framework of the mi .rocanonical ensemble
in which our microscopic description can be described.

It comes out of our numerical approach that characteristic features of
disordered systems can quantitatively reproduce the features of.observables
related to the outcome of nuclear fragmentation processes. A deeper
understanding of this fact has yet to be found.

References

1) J. Richert, P. Wagner, Y.-M. Zheng, preprint CRN 94-60, CRN Strasbourg,
France.

2) X. Catnpi, J. Phys. A : Hath. Gen. 19 (1986) L917 ;
Phys. Lett. B208 (1988) 351.

3) U. Lynen et al., Nucl. Phys. A545 (1992) 329c ; see also preprint 05-94,
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TWO-BODY VISCOSITY AND MULTIFRAGMENTATION
OF HOT NUCLEI

F.F.Karpesbin
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Nature of the nuclear viscosity which manifests itself most distinctively in nuclear fis-
sion is of great interest at the present stage of investigations. It turns out to be possible
to distinguish the effects of the two-body from the one-body viscosity in experiments
performed recently in the Moscow Institute for Nuclear Research1) and St. Petersburg
Nuclear Physics Institute2'.

The data1' concern fission of the 238U nuclei induced by stopped pions and 153-MeV
protons, accompanied by emission of light charged particles. A strong preference is
found in the angular distribution of the emitted particles in the direction of the heavy
fragment. Moreover, the preference grows very considerably when the fission axis coin-
cides with the direction of the primary proton beam.

The other data2' concern ternary, fission of ^ U into comparable fragments, induced
by collisions with 1-GeV protons. The data exhibit a certain structural suppression of
the ternary fission into comparable fragments in comparison with the binary fission.
The calculation is performed within the multiphonon approach3'. A satisfactory agree-
ment with experiment is achieved with allowance for one-body viscosity only, whereas
the data concerning the angular correlations of the charged particles with the direction
and mass of the heavy fragment need consideration of the two-body viscosity.

References

1) G.Ye.Belovitsky et al. Short Comm. on Phys. 11 (1993) 3
2) F.F.Karpeshin, G.Ye.Solyakin. Int. Conf. on Nuclear Shapes and Nuclear Structure
at Low Excitation Energies, ANTIBES (France), June 20-25, 1994. Abstracts of con-
tributed papers, p. 51.
3) D.F.Zaretsky, F.F.Karpeshin. Sov. J. Nucl. Phys. 50 (1989) 959
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THE MULTI-FRAGMENTATION IN HOT NUCLEI AT IMP
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The paper presents the threefold and fourfold fragmentation of hot nuclei produced in
reactions with 25 MeV/nucleon 40Ar. Events with three or four massive fragments and
emitted with angles larger than 36° were detected by eight parallel plate avalanche counters
(PPAC) with areas of 25 x 20 cm2. For these events velocity or relative velocity, angle or
relative angle, distributions of mass, the total kinetic energy (TKE), the ratio of threefold
over fission P32, and so on were obtained. The middle mass Mm in threefold fragmentation
is one third of total mass. Defining a mass asymmetry as (Mm-Ms)/Mm, where Ms is small
one, then Sa are 0.69, 0.68 and 0.76 for the three systems associated with, target of 209Bi,
197Au and 159Tb, respectively. The larger value for Tb target may be in cause of a shell
effect on the small fragments with magic number 20 and 28 (Ca-Ni region). In the fourfold
case a sum of two middle mass (My2 + My3) is larger than that of (M/i + M^4) by 5%.
When initial nuclear temperature T > 4.5 MeV, the P32 increase drastically. The measured
P32 are 4.43, 1.79 and 0.65 %, corresponding Bi, Au and Tb targets, respectively. However
the yields in fourfold case are roughly one order lower than that in threefold fragmentation
for the Ar induced reactions. Considering threefold case as a sequential fragmenfation in
two steppes and in each step comparing the relative velocities with Viola velocity, a mass
emission order can be determined. The data show that the small fragment emits first, then
follows middle one in final large one in the average sense. When the excitation increases, the
emission order towards same probability (P = 1/3).' From the relative angular distributions
of threefold fragmentation events and by analyzing their angular correlation function within
a time-space model based on the abnormal deformation with two symmetric axis, a time
difference between the two scission times were derived. The time differences for mersured
systems are less than 1000 fm/c, that much shorter than fission time by one order. During the
short time difference 'a string beads-like' cascade fission can not explain the relative angular
distributions peaked at 120°, Because the time is not enough to rotating 60 ° at least. In
fourfold fragmentation a average relative angular distribution over four emitting directions
peaked at 105° ± 5°. that can be explained by a 'pyramid-like' shape not a shape in a plane
at the saddle point. Furthermore, a trace on the mica detector showed a cascade fission in
which the secondary fission tima is around 10"13 sec. It seems a barrier penetration process
in the cascade fission. It is a rare event comparing with threefold fragmentation. The shapes
in multi-fragmentation are similar to tri-axial deformation in a high spin state as a cold
nuclei. In a fission process the deformation develops along only one symmetric axis (a line).
However, in a multi-fragmentation process, we should assume it develops along one plane with
two axes or even in space along three axes resulting iii threefold and fourfold fragmentation,
respectively. Based on the hot liquid drop mode, the barrier heights of symmetric multi-
fragmentation versus atomic number of compound nuclei were calculated. The excitation
residue after evaporation of light particles is enough to overcome those barriers associated
with threefold and fourfold fragmentations.
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News, about heavy ion reaction mechanisms in low energy regime, reported the contemporaneous presence of
sequential and istantaneous break-up three-body processes in the "S+ s*Co system [11. In order to ascertain that this
behaviour were not restricted to the studied system only, we measured also the S+^Cu reaction at 180 MeV
bombarding energy. Some details about the apparatus and the experimental procedure are described in ref. 1.

For each event we measured, in coincidence, the emission angle, the energy loss in the gas and the residual kinetic
energy of two fragments having charges Z t and Zj . We classed as three-body events the ones characterized by a large
charge deficit (AZ=Z p r o j e c t i l e +Z u r g e , -Z r Z2&10) and by Z,2&6- The light panicle emission was assumed
negligible at these energies so that Zj matches with the undetected charge AZ; fragment masses were evaluated as the
minimum values, in the Instability valley, that correspond to the measured charges.

Two classes of events were evidenced; they were distinguished by the folding angle of the detected particle in the
center of mass frame. These clashes are due to two mechanisms producing a different three-body final state. The first
one is a sequential binary process in which Zj and Z% a r e emitted by a single Irincmatical source formed by the
projectile and a piece of the target; in this process only a small traction of the linear momentum is transferred to the
undetected fragment Z3. The second mechanism, instead, appears like a ternary fission [2] owing to the strong
collinearity of the three fragments at the scission point. The dynamics of this process leads the system to break-up in
very elongate saddle point configurations like two bodies connected by a cylindrical neck whose instabilities give rise
to a third fragment.

To better understand the connection between these two kind of mechanisms we try to estimate the centrality of the
collision for all the observed events. A possible method [3] uses the dispersion, Y3, of the relative velocities between
the emitted fragments; central events corresponds to small dispersions that are calculated as the difference between the
mean and the minimum value of the relative velocities:

m n
At the top of the figure are reported the Y3 distributions for the sequential (a) and the coilinear (b) fragmentation

processes. It appears that the collinear fragmentation process is periferical with respect the sequential one are; the (b)
events, in fact, contribute preferentially to the histogram region with high values of Y3. The two kind of events,
however, are not easly separable by means of Y 3 because of the partial overlapping of their distributions; an
interpretation could be the competition of the three-body mechanisms for the same impact parameter.

In the bottom of (he figure is displayed the Y3 distribution (c)
relative to events coming from two-body dissipative reactions. Its
shape es well as its range are very like the ones relative to the
three-body sequential reactions suggesting a smooth transition,
increasing the impact paramenter, from binary (sequential or two-
body) to the simultaneous three-body break-up.

Conclusions in agreement with the ones just explained was
deduced analysising the events in terms of the transversal energy.

1) L. Vannucci et al.. Contributed Papers of the V Nucleus
Nucleus Collision Conference, Taormina, Italy, 1993

2) N. Canon et al., Nucl. Phys. A452(1986)381
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Multifragmentation in a + A u collisions at Etai, = 5 G e V / u

Tomoyuki Maruyama

Department of Physics, Kyoto University, Kyoto 606-01, Japan

Multifragmentation attracts attention as one of most important aspects of light- and heavy-
ion reactions in the high energy region. It is speculated that the decay of a highly excited
nuclear system carries information about the nuclear EOS and the liquid-gas phase transition
of low density nuclear matter.

Recently the KBK experimental group has reported very interesting results for the distribution
of the intermediate mass fragments (IMF) in proton and alpha induced reactions at 12 GeV and
at 5 GeV/u, respectively [?]. The experimental data for the IMF angular distributions have
clear peaks at 6iab = 70°.

The Quantum Molecular Dynamical (QMD) approach is the most useful one for the study of
fragmentation. T. Maruyama et al. have succeeded to reproduce experimental data of heavy-ion
collisions around several ten MeV/u by using QMD with the statistical decay code [2],

In GeV/u energy region relativistic effects become significant, and hence the Lorentz covenant
treatment is required. The Lorentz constructed initial distribution affects excited energy of spec-
tators and multiplicities of light fragments such as alpha [3]. Furthermore we cannot definitely
separate the total energies of the dynamical fragments with high velocities into their internal
and kinetic energies without the Lorentz covariant approach ( this separation is neccessary to
simulate the statistical decay).

We use the Lorentz covariant version of the QMD approach, so called the Relativistic QMD
(RQMD) [4], for simulations of the dynamical calculation stage a + Au collisions at 5 GeV/u.
In Fig. 1 we show the distribution of nucleons with positions \z\ < 5 fin at the time step t = 28
fm/c. We can see the empty region in the center. In this reaction the IMF angular distribution
has the clear peak at 0|ffl<, = 70° (Fig. 2).

From these results we can conclude that the a + Au reaction at 5 GeV/u makes a hot nuclear
system with the 'pierced pearl' shape. We will be able to get the detailed information of hot
nuclei by investigating the spectators in this reactions.

[1] K. Tanaka, et al., private communication.

[2] T. Maruyama, A. Ono, A. Ohnishi and H. Horiuchi, Prog. Theor. Phys. 87 (1992) 1367.

[3] T. Maruyama and T. Maruyama, submitted to Phys. Lett. B.

[4] T. Maruyama, et al., Nucl. Phys. A534 (1991) 720; Phys. Lett. 268B (1991) 160.
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Energy- spectra of the intermediate mass fragments (IMFs) emitted in the 12
GeV proton induced reactions on Au and Ag targets were measured inclusively
at-the laboratory angles from 30' to 150" with 20" steps [1]. Coincidence
measurements with one extra IMF emitted toward 90" direction in the opposite
side of the beam were also performed at the same time. Angular distribution
of IMFs showed unusual sideward peaking toward 70" in the laboratory frame
[2] in addition to the well-known forward peaking structure which is
explained by the isotropic IMF emission from the slow moving source. We
found that this 70* events are concentrating at relatively low energy (i-2
MeV/u) region while the angular distribution of high energy (>3MeV/u)
component is consistent with the moving source model These situations can
clearly be seen in the contour plots of invariant cross sections of IMFs in
( 0 1, 0 t) plane (Fig.l) where 0 1 and 0 t are the longitudinal and the
transverse components of the IMF velocity with respect to the beam direction,
respectively. It should be noted that the 70" enhancement appears clearly

for Au target but becomes weaker for
Ag target. We found also the
isotropic component was strongly
suppressed in the coincidence
measurement. Since high IMF
multiplicity can be interpreted as a
small impact parameter [3], it is
reasonable to presume that this 70"
component mainly originates from the
central collision. Formation of
,exotic shaped nucleus, i.e. an
expanding toroidal-shaped nuclear

Au(p,O)X Ep=12GeV

Fig.l; Contour plot of the invariant
cross sections of Oxygen isotopes in
( 0 1, 0 t) plane. Nurr ical orders
indicate relative yields.

natter, in the central collision can
be a possible explanation of this
characteristic sideward flow of IMFs.
This assumption is supported by
recent QMD calculation [4].
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NUCLEAR PHYSICS WITH ANTIPROTONS
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Antiprotons are a very interesting and new tool to study nuclei. Stopped antiprotons form
antiprotonic atoms, cascade down to lower orbits and annihilate with a nucléon at the nuclear
surface, releasing 1880 • MeV. The annihilation produces on the average 5 pions (or other
mesons). Some of them enter the nucleus and start an intranuclear cascade (INC) which can
heat the nucleus up to nearly 1 GeV excitation energy without large angular momentum
transfer and without compression in contrast to heavy—ion reactions. It is surprising that in
spite of this large annihilation energy at the nuclear surface in about 10% of all annihilations
residual nuclei with (A—1) are left. These are nuclei which lost only the annihilated nucléon.
The ratio of nuclei with one neutron missing to nuclei with one proton missing is proportional
to the ratio of the neutron density to the proton density in the far periphery of nuclei and
consequently a measure for the neutron halo.

The PS 203 collaboration studied many of these antiproton—nucleus reactions applying a
large variety of experimental methods. We shall discuss the following new results obtained
recently at LEAR:
1) Time scale of fission: Information on the time Bcale of processes in very hot heavy nuclei
can be obtained by measuring the number of neutrons emitted before and after scission.
Kinematic focussing and the spectral shape help to distinguish on the average whether neutrons
are emitted during the fast cascade, evaporated before scission or evaporated from the
fragments. The total mass of the fission fragments provides information on the excitation energy.
New results will be presented.
2) Fission probabilities with stopped antiprotons: Fission of very hot nuclei and fission of lighter
nuclei are still not well understood. Theory predicts a minimum of fissiUty near Ag, We
measured the fissility after excitation with stopped antiprotons and confirmed the minimum near
Ag.

3) Fission probabilities with 1.2 GeV antiprotons: The new experiment Berlin Ball ' at LEAR,
a 47T charged particle detector and a 47T neutron detector was applied to measure also fission
probabilities with 1.2 GeV antiprotons for a series of targets. The higher excitation energy has
a strong influence on the fission probability.
4) Distribution of residual nuclei: The induced gamma activity was used to determine the
distribution of residual nuclei in Au, Ag, Cu and other targets after irradiation with stopped
and 1.2 GeV antiprotons. This distribution reflects the deposited excitation energy. The results
are compared with fast proton reactions.
5) Neutron halo: The gamma activity of (A—1) nuclei after stopped antiproton annihilation was
applied to obtain the yield of these nuclei and consequently information on the neutron halo.
The neutron density in the nuclear atmosphere shows a strong correlation with the neutron
binding energy.

1) PS 208 collaboration: D. Hilscher, W. Bohne, P. Figuera, H. Fuchs, F. Goldenbaum, U.
Jahnke, D. Polster, H. , Rossner, P. Ziem, J. Galin, B. Lott, M. Morjean, A. Peghaire, B.
Quednau, T. von Efidy, F.J. Hartmann, S. Schmid, W. Schmid, K. Guida, 3. JastrzebBki, W.
Kurcewicî, L. Pienko'.vski, G. Pausch, S. Proschitzki, J. Eades, S. Neumaier, Ye. Golubeva, A.S.
Iljinov, D.I. Ivanov, V.". Nedorezov, I.A. Pshenichnov, A.S. Sudov.
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Antiproton annihilation at rest and in flight is a unique method to produce highly
excited nuclei at low spin and neglegible compression. It thus allows to study nuclear
decay modes free from the disturbing influence of rotations, shape distortions or com-
pression which generally are introduced with other reactions, notably heavy ion in-
duced reactions.

In a recent experiment at LEAR, CERN. the decay of light and heavy nuclei was
investigated with two 4JT detectors: the 140 cm diameter Berlin Neutron Ball with the
20 cm diameter Berlin Silicon Ball in its inner scattering chamber. The 4TC neutron
detector counts with high efficiency all emitted neutrons. The 4rc silicon ball, com-
posed of 158 independent detectors, measures multiplicity, energy and spacial emission
directions of all evaporated charged particles and fission fragments. Particle identifica-
tion thereby is deduced from time-of-flight, energy and pulse shape information. Both,
the multiplicity of neutrons and of light charged particles determines eventwise the
excitation energy of the decaying nudeus.

The experiment was performed with p at rest (degraded from 200 MeV/c) and at
1940 MeV/c on a sample of target nuclei ranging from Carbon to Uranium. Limited
inclusive data was also taken at 1200 MeV/c.

Preliminary results on inclusive neutron multiplicity distributions and a comparison
with intra nuclear cascade calculations will be shown as a function of p-energy. Cor-
relations of neutron and charged particle multiplicities range from evaporation, fission,
multifragment emission up to the complete vaporization of the nucleus. In particular,
the fission decay mode is seen to decline at medium excitation energy in favour of
strongly increasing multiplicity of intermediate mass fragments.



4-27

Universal behavior of nuclear fragmentation1
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The nuclear fragmentation is one of the very interesting issues in nuclear physics and
has been extensively investigated in nucleus-nucleus collisions at intermediate and high
energies. There has been considerable progress during the recent years in the experimental
studies. The experimental evidences for the statistical property of nuclear fragmentation
have been given. Various new quantities have been measured. These obsefvables include
the mean multiplicity of intermediate mass fragments(< MJMF >)i the average charge
of the largest fragment in each event(<ZmsI >), the asymmetry parameters of the three
heaviest fragments as well as the mean multiplicity of light charged particles(<MHe >)•
When plotted as a function of the sum charge Z|,ounj of the total projectile fragments with
charge Z; > 2, they show a universal behavior of nuclear fragmentation which is almost
independent of the chosen targets, the bombarding energies and the measured techniques.
This causes further theoretical studies.

In this paper we have used the bond percolation model to study the universal prop-
erty shown in the multifragmentation of Au projectile interacting with Cu target at an
incident energy of 600 MeV/nudeon. The charge observables and some of their differ-
ential distributions have been analyzed. The calculated results are in good agreement
with the experimental data. This indicates that the percolation model, like the statis-
tical multifragmentation models, can also describe reasonably the universal behavior of
multifragmentation in heavy ion collisions.
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